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PREAMBLE 
North-South collaboration between universities should, in particular, aim 
at generating relevant curricula and training programmes. When the Faculty of 
Medicine of the University of Dar es Salaam asked the Faculty of Medicine of 
the University of Nijmegen to assist it in establishing a Dental School, the 
primary goal of the collaboration was the training of dentists. However, from 
the very outset, it was obvious that any training of dentists had to take 
account of the local situation in Tanzania with its particular ethnic, 
cultural, social and financial situation, and the oral health status of the 
population with its specific needs for dental care. Tanzania is a republic 
with a population of approximately 22 million people of relatively low socio-
economic status, spread out over a vast country with difficult access to 
remote areas. At the beginning of the collaboration the prevalence of caries 
was low, but latent seculuar trends towards higher caries rates should not be 
excluded. Therefore, adequate training of dentists and planning of a future 
oral health service system necessitated an investigation into the oral health 
status of the Tanzanian population, in particular that of young age groups. 
The reported work here is based on the assumption that caries is on the 
increase in Tanzania and attempts to predict the future development of caries 
in using predictors tested in caries active populations. Additionally, it 
describes the oral health status of urban and rural Tanzanian children and 
analyses the effects of a number of parameters on the prevalence and inciden-
ce of caries. The implications of the findings of this study on future 
university training of dentists and on a national oral health care system for 
Tanzania are discussed briefly. 
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CHAPTER 1 
CARIES PREVALENCE IN DEVELOPING COUNTRIES AS A BASIS 
FOR FORMULATING THE STUDY OBJECTIVES 
1.1 Introduction 
This first Chapter discusses the findings of a review of the available 
literature on the caries problem in developing countries with the express 
purpose of trying to adduce whether or not there has been an increase in 
caries prevalence amongst children in Tanzania. Additionally the objectives 
of this study are described. 
1.2 Background 
In developing countries with limited resources caries prevalence is 
generally found to be very low in comparison with highly developed countries 
1-3 
where food is abundant. On the African continent increases in income have 
been shown to be associated with increased consumption of sugar-containing 
beverages and sweets, and consequently with an increase of caries prevalence, 
4 
for instance in Ghana. Correspondingly, differences in socio-economic status 
within a population also have an influence on the caries experience; in 
Ethiopia and Nigeria, caries was reported to be more prevalent in children 
from high socio-economic classes, who consumed more luxury food than children 
from low socio-economic classes. It should be noted, however, that the 
vast majority of people in these developing countries have no frequent access 
to refined food and drinks. 
In recent years a number of authors have suggested that there has been a 
3 8 9 
rapid increase in caries in developing countries generally. ' ' In a great 
number of developing countries epidemiological studies have not yet been 
conducted, but it is doubtful whether in poorer nations caries is on the 
3 
Increase. In his review of oral diseases in Africa, Enwonwu used caries 
data from Ghana, Ethiopa, Nigeria and Uganda as evidence for the increase in 
9 
caries prevalence, whilst Sheiham used examples from Asian and Middle-East 
countries. 
If an increase in caries does occur in a low-prevalence population, it is 
never explosive such as in the case of infectious epidemic diseases, but 
3 
shows a very slow shift; trends in caries activity can be measured only by 
long-term observations in one of the following ways: 
1. a pronounced secular trend is observed over periods of more than 10 
years ; 
2. as an early sign, occasional transvers sampling may show an unexpectedly 
high prevalence in the lowest age group, surpassing the prevalence in the 
adjacent higher age group(s). 
To as s i's t with judging whether caries is increasing in Tanzania, the litera-
ture has been reviewed. 
1.3 Is dental caries increasing in Tanzania? 
A total of 17 documents (publications, reports and papers) reporting on 
oral health in Tanzania was identified. To be able to compare various studies 
in a meaningful way a set of common factors must prevail. In general, caries 
prevalence is presented in terms of DMFT and DMFS scores. The presence of 
these scores in the studies identified was used as the criterion for includ-
ing them in this literature review. For this reason some studies had to be 
excluded. ' Others had to be regarded as biased, because they were carried 
12 13 
out in high fluoride areas (Arusha) ' or reported on dental fluorosis 
Ih 15 
only. ' Furthermore, a couple of studies reporting on caries amongst 
adults had to be excluded from the comparison because of large differences in 
the age groups studied. ' Likewise some studies were omitted because of 
18 19 
their insufficient presentation of data. ' As a result seven studies 
remained of which five have reported results in terms of DMFT scores (Table 
1.1) and 2 in DMFS scores (Table 1.3). These studies were carried out in 
urban areas. Studies reporting on caries in rural areas have been few and 
20 21 
only recently carried out. ' All 7 studies were prevalence studies. One of 
them reported on the difference in caries prevalence over time and was 
22 
carried out by the same examiner. In comparing results from all the studies 
the following factors have to be considered: 
the different criteria and methods used to diagnose caries by different 
examiners ; 
the different age groups examined. 
23 In determining caries the following methods were applied: WHO, 1971 and 
24 12 
WHO, 1977. In one study the DMIFT score was used. The I-component means 
teeth are indicated to be extracted because of caries. In the DMFT score the 
I-component is incorporated in the D-component. Therefore, the DMFT score can 
be compared with DMFT scores without losing valuable information. All studies 
4 
reported on subjects aged between 5 and 19 years and were constant to the 
extent that they all used natural daylight rather than artlflcal light for 
the Inspections. Some studies have reported on mean DMFT scores per age, 
others on age groups. In comparing results of the studies under consideration 
the mean age of the reported age groups was used (Figure 1.1). Results of the 
studies were further compared by composing two time periods, 1976/1978 and 
1982/1984. The interval was thought to be wide enough to show a possible 
increase or decrease in carles prevalence over time (Table 1.2). 
1.3.1 Results 
Table 1.1 presents the mean DMFT scores of 5 studies for different age 
groups and ages. From a number of these age groups and ages, two main age 
groups have been composed. These are: 5-9 and 10-12-year olds. 
Table 1.1 Mean DMFT scores of the 5 studies related to year and location of 
study and age groups studied in urban areas. 
Authors Aklnosl Mosha Jensen Frencken 
» ι ,25 , . .12 . . . 26 _ .27 .. .28 Bulusi Langeback Schubert et al et al 
Study year 
Location 
N
 total 
1971 
Dar es 
Salaam 
1122 
1976 
Moshi 
363 
1978 
Dar es 
Salaam 
2524 
1982 1982 1982 
Tanga Dar es Kibaha 
Salaam 
48 63 48 
1984 
Dar es 
Salaam 
762 
5-9 
10-
7-
13-
5-9 
7-9 
12 
10-12 
12 
15 
15 
1.4 
0.6 
0.8 
0.4 
0.6 
0.6 
0.9 
0.7 0.6 0.6 0.7 
In Dar es Salaam the mean DMFT score among 7-15-year olds was higher In 
1971 (1.4) than in 1978 (0.6) among the same age group (Table 1.1). In the 
main age group 5-9-year olds in the period 1976/1978 the mean DMFT scores 
varied between 0.4 and 0.6 (Table 1.2). Whether the difference in the mean 
DMFT score between 1976 and 1978 was significant or due to chance could not 
5 
be assessed because of the unavailability of sufficient statistical informa-
tion in the publications. In the main ape group 10-12-year olds in the period 
1976/1978 the mean DMFT scores varied between 0.6 and 0.8, which is at a 
slightly higher level than the mean DMFT scores (0.6-0.7) in the period 
1982/1984 (Table 1.2). Again statistical tests could not be performed. In 
1976 the mean DMFT scores of 0.8 among 10-12-year olds was at approximately 
the same level (0.9) as among 13-15-year olds in 1978, while in 1978 the mean 
DMFT score (0.6) in the 5-9-year age group was at approximately the same 
level as the mean DMFT score (0.7) for 12-year olds in 1984 (Table 1.2). 
Table 1.2 Comparison of mean DMFT scores for 5- to 9-year and 10- to 12-
year olds between the periods 1976/1978 and 1982/1984 (figures 
from Table 1.1). 
Period 1976/1978 1982/1984 
Age group 
5- 9 0.4 - 0.6 
10-12 0.6 - 0.8 0.6 - 0.7 
22 Mosha's study among 7-, 11- and 14-year olds in Dar es Salaam revealed a 
reduction in mean DMFS scores between 1979 and 1983 (Table 1.3). It was not 
reported whether this difference was statistically significant or not. In 
1983 in urban Tanzania the mean DMFS score of 2.0 in 0-9-year olds was 
substantially higher than the mean DMFS score of 1.1 in the older age group 
of 10-14-year olds (Table 1.3). The D.MFS index used in the National Dental 
20 22 
Health Surveys is identical to the DMFS index used In the other study. 
Table 1.3 Mean DMFS scores among children and adolescents in two studies in 
urban areas. 
22 
Location Dar es Salaam Dar es Salaam, Mbeya, 
20 
Mwanza, Mtwara 
Year 1979 1983 1982/1983 
Age 
7 1.4 0.7 0- 9 2.0 
11 2.7 2.4 10-14 1.1 
14 5.4 3.1 15-19 2.8 
Ag€ 
Ο­
ΙΟ-
15-
! group 
 
•14 
•19 
6 
1.3.2 Discussion 
The literature review covers the 14-year period, 1971-1984. In general, 
caries prevalence amongst the groups studied was low. The highest mean DMFT 
score was observed in 1971 among 7-15-year olds. All other studies have 
12 
reported substantially lower DMFT scores. The results of the study in 1976 
among 5-9- and 10-12-year olds again was higher than in other studies in the 
same age groups in later years (Table 1.1). 
In the period between 1976/1978 and 1982/1984 the differences in mean DMFT 
scores were very small. Overall, the differences in mean DMFT scores could 
indicate a decrease in caries prevalence between 1971 and 1978, followed by a 
period of stability till 1984. However, the differences could also easily be 
explained by differences in criteria used by different examiners not scoring 
to a common standard. It is therefore difficult to explain the differences 
observed in mean DMFT scores as evidence of increase or decrease in caries 
prevalence. The latter is also not possible when comparing mean DMFS scores. 
22 Mosha's study showed a reduction in mean DMFS scores which would indicate a 
decrease in caries prevalence between 1979 and 1983. However, the mean DMFS 
scores of 11- and 14-year olds in this study in both 1979 and 1983 were 
higher than the mean DMFS score reported for 10-14- year olds in urban areas 
20 in the National Dental Health Surveys. Again, differences in criteria used 
by non standardized examiners must be taken into account when analyzing these 
results. 
In conclusion it can be stated that no evidence was found in literature 
that caries prevalence is on the increase in Tanzania. Furthermore, the 
results of this literature review do not support the generalization that 
3 9 
caries is dramatically increasing in all developing countries. ' 
1.4 Developing a working hypothesis and the objectives of the study 
In 1983 for urban Tanzania the mean DMFS score among 0-9-year olds was 
reported to be higher than among the older age group 10-14-year olds 
(Figure 1.1). This difference could be an indication of a possible increase 
in caries activity amongst the youngest population, but the evidence is very 
weak. The phenomenon certainly needs confirmation because for an estimation 
of future treatment needs it is important to establish whether the upward 
trend of caries is real or due to chance factors. If dental caries is indeed 
7 
increasing In Tanzania this would cause considerable problems for the 
Government and the dental profession. At the moment the number of dental 
personnel is low and unevenly distributed over the country, dental materials 
and equipment are In short supply and the means to finance an optimal dental 
health service are unavailable. In the early eighties Tanzania had already 
shifted the emphasis of dental health services from the purely curative 
towards a preventive and community oriented approach, in order to improve the 
services within the limitations of national financial allocations. A rapid 
increase in dental caries now would mean that many Tanzaniana would suffer 
pain and discomfort and that the dental profession would be in a position to 
treat only a few of thera. Any early signal of such an increase should, 
therefore, be regarded as a very important matter. 
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Figure 1.1 Mean D MFS scores by age group in urban and rural areas of 
20 
Tanzania (Gadegaard et al ). Ν, - Number of individuals. 
Another important matter, related to studying the development of caries 
over time, is the development and testing of sensitive methods suitable for 
the early detection of trends in caries activity. Parameters bearing poten­
tial predictive values such as, lactobacillus counts, studied among healthy 
29 properly treated 14-year olds and S. mutans. studied among 9- to 12-year 
olds have been reported to correlate significantly with new carious les­
ions. In a combined salivary-chemical, microbiological and clinical pilot 
study on a limited sample of Swedish children, Klock and Krasse have found a 
significant correlation of the number of early enamel lesions with caries 
β 
incidence. Results of this study indicated further that the combination of 
early enamel lesions, S. mutans and lactobacilll gave the best prediction of 
the caries activity. Krasse explains this phenomenon as follows: 
- Large number of early enamel lesions shows that a person is caries suscep-
tible; 
Large number of S • mutans shows that a person has caries-inducing micro-
flora; 
- High Lactobacillus counts shows that a person has a caries-promoting diet. 
In other words, this combination illustrates the presence of essential parts 
within the three main factors; host, microflora and diet, necessary for 
caries to occur. However, Klock. and Krasse's findings have not yet been 
tested and confirmed either on a large scale or in a low-risk child popula-
tion. Moreover, a possible correlation with patterns of food intake has not 
yet been investigated, especially regarding frequency of meals and consump-
tion of sugar-containing snacks and fruit between meals. Such a study seems 
to be feasible as one element of a specific Investigation centered on changes 
of caries prevalence in Tanzania. 
The number of studies reporting on periodontal conditions among the 
younger age group in Tanzania is few. ' ' Therefore, it was thought 
worthwhile to provide the dental profession in Tanzania with additional 
Information on this topic by studying the prevalence of plaque, calculus and 
gingivitis among the children of this studygroup. However, as a study on 
periodontal conditions falls outside the central theme of this thesis, the 
results of the Investigations will not appear in this document. The reader is 
32 kindly referred to a publication by Frencken et al for the results of the 
periodontal conditions in 1984 and those of 1986 will be written up for 
publication in future. 
After the 1984 examination was completed, the construction firm, construc-
ting shallow wells in Horogoro Region, published the results of the water 
33 
analyses for all wells completed construction. The results revealed that a 
number of shallow wells, in some of the villages Included in the study, 
contained fluoride concentrations up to the optimal level for carles reduc-
tion in tropical countries. Based on this information it was decided to 
collect water samples from all water sources used by the children under 
study. The results of the water analyses and the Impact of the analyses on 
the dental data are described in Chapter 4. 
9 
In summary the objectives of this study can be described as follows: 
1. To determine the prevalence of caries in a Tanzanian child population in 
1984 and 1986 (Chapter 5). 
2. To test the hypothesis that caries is on the increase in the younger age 
groups in Tanzania (Chapter 6). 
3. To determine the incidence of caries In these children between 1984 and 
1986, to investigate its possible relationship with patterns of food 
intake and to test the predictive value of early enamel lesions, S, mutans 
and lactobacillus counts combined as predictors for caries activity in a 
low-risk child population (Chapter 7). 
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CHAPTER 2 
DESIGN, SUBJECTS, MATERIALS AND METHODS 
2.1 Introduction 
Chapter 2 considers the development'of a study methodology in the light of 
testing the hypothesis: "Caries is increasing in Tanzania" and goes on to 
describe a pilot study which was undertaken to refine this methodology. Then, 
the main field work is described as well as the statistical approaches chosen 
to reach the objectives of the study. Additionally, measures of association 
are introduced in order to study etiological factors in the development of 
caries epidemiologically. 
2.2 Ape, period and cohort effects in developmental and steady-Increment 
studies 
Dental caries is caused by frequent formation of plaque-bound acids by 
bacteria which break down dietary sugars. Carious demineralization therefore 
is a local event, and in principle may occur at any age. Practically, 
however, caries increment fit into statistical models designed to study 
developmental processes: numbers of carious cavities and/or fillings continu-
ously increase, and they tend to do so steadily until they decrease artifici-
ally by extractions. 
In studying developmental processes variables other than chronological age 
must often be taken into account if differences in the developmental patterns 
of the group under study are to be characterized. In particular, in addition 
to age, appropriate models for developmental studies may have to incorporate 
cohort, period (=• time-of-measurement/observation) and test effects. These 
effects are described and discussed briefly below. For detailed Information 
2 
the reader is referred to the work of Van 't Hof. 
Ape effects are defined as the net contribution that age has on the 
phenomena studied. Age effects (or, in the case of caries, accumulation of 
lesions over a given observation period) are in fact what developmental 
studies are usually designed to measure, while cohort effects and period 
effects are often considered as disturbing factors. 
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Period/time-of-measurement effects originate from temporary circumstances 
affecting the measurements or observations being made. Studies concen­
trating on period effects are often designed to evaluate long term effects 
of public health programmes, information campaigns, and so on. Usually, 
period effects occur simply due to changes in measurement methods during 
the progress of the study. 
Cohort effects stem from basic underlying differences in the patterns of 
diseases between groups of individuals born at different times, having 
thus a different history. Such differences over a long period of time are 
known as secular trends. Cohort effects make it difficult to generalize 
the results of a cohort-specific study to the population at large and are 
the primary cause of differences between average disease curves derived 
from cross-sectional and longitudinal studies. 
Test effects may be due to frequent contacts with the investigators or to 
the repetition of the same measurements or observations. Test effects may 
either improve or harm the quality of measurements over time. In some 
cases, the measurement accuracy is improved as the subject and the 
investigator become familiar with one another. In other cases, repetition 
impairs motivation and the precision of later measurements decreases. Yet 
another kind of test effect may be caused if the subjects are receiving 
better medical attention as a reward for their participation, or become 
more aware of the responsibility with respect to their own health. Such 
effects are a disadvantage affecting the meaning of results of a study, 
although they are obviously to the advantage of the participants. Test 
effects may be estimated using a control group consisting of individuals 
of the same cohort, who are measured at the same time, but differ in study 
experience. 
2.3 Study designs for ape-related phenomena 
The different study designs in developmental studies are described below 
using the three parameters of choice. These are: age (A), birth cohort (C) 
and period/time-of-measurement (T). Because of the relationship which exists 
between these parameters, expressed in the equation Τ = С + A, it is possible 
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to illustrate the different study designs graphically (Fig.2.I). In this 
figure a pure cross-sectional (a), a pure longitudinal (b) , a time-lag (c) 
and a mixed-longitudinal (d) design are presented. In (a) only one period is 
used for a number of cohorts and ages. In (b) only one cohort is measured at 
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different periods and at different ages. In (c) only one single age is 
considered for different cohorts and periods, while (d) represents a mixture 
of the longitudinal and cross-sectional designs. 
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Figure 2.1 Different study designs in developmental studies (from Van 't Hof 
,3 . , . . . 
et al , with permission). 
The mixed-longitudinal design was developed expressly to overcome the 
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difficulties inherent in each of the more traditional approaches. Mixed-
longitudinal designs are based on a trifactorial developmental model indexed 
by the time components: A - age in years; С - cohort, defined by year of 
birth; and Τ — period/time-of-measurement, giving the (calendar) year that 
the measurement was taken. The model can be written as: 
IA + I_ + I_ A C T (1) 
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where the quantity being measured "Q" is determined by the Independent 
influences of age (I.), cohort (!„) and period/time-of-measurement (I_) It A C Τ 
should be noted that Independence in this context means that the value of I , 
for example, is determined only by age and is independent of whatever 
combination of values С and Τ happen to have. This, as will be discussed in 
more detail below, is true despite the fact that the time components them­
selves are related by the equation С + A - Τ The trifactorial structure of 
this model is in contrast to the bifactorial structure of each of the more 
traditional models for studying developmental processes When viewed as 
special cases of (1) the cross-sectional, longitudinal and time-lag designs 
are obtained by holding one of the time components (T, С and A, respectively) 
constant and this results in the confounding of the two factors remaining 
-ι—ι—ι—ι—ι—π—ι—ι—ι—r 
2 ¿ 6 8 10 12 
τ—ι—ι—ι—ι—ι—ι—ι 1—ι—r 
2 4 6 8 10 12 
AGE(YEARS) 
Figure 2 II Four results of a mixed-longitudinal study, based on 3 cohorts 
(1963, 1967 and 1971) and 4 periods/time-of-measurements (1972, 
1973, 1974 and 1975) for age 1 to 12 (from Van 't Hof et al3, 
with permission) 
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Thus age differences are confounded with cohort differences in the cross-
sectional design; longitudinal designs confound the effects of age and 
period; and time-lag designs confound cohort effects with period effects. 
While mixed-longitudinal designs based on the model (1) do not completely 
obviate the problem of confounding, they can be used to provide a structure 
within which one can more reasonably approach isolation of the contributions 
of age, cohort and period effects to developmental data. 
Based on 3 cohorts (1963, 1967 and 1971) and 4 periods/time-of-measure­
ments (1972, 1973, 1974 and 1975) for age 1 to 12, the advantages of the 
mixed-longitudinal design are demonstrated in Figure 2.II. Figure 2.II.a 
shows an increasing age curve with increasing age; a situation which is to be 
expected. Figure 2.II.b however, shows dips in the age curve at period 1974. 
This phenomenon is observed in all three cohorts and therefore it is explain­
ed rather as a period effect than as a jumping age curve. Figure 2.II.с shows 
an increasing age curve for each cohort which does not flow over into a nice 
age curve. In this case the steps in the age curve are likely accounted for 
by cohort effects. There are two possibilities for interpreting Figure 
2.II.d; firstly, there is a combination of cohort effects and a negative 
VARIABLE — 
a 
COHORT 1966 
1 1 1 1 I I 
U 6 8 10 12 14 16 
lb 
4 6 8 10 12 14 16 
AGE(YEARS) 
Figure 2.Ill A pure longitudinal design based on one cohort (a) and a mixed-
longitudinal design based on three cohorts (b). 
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period effect in 1975 or secondly, there are growth spurts at the ages 5 and 
9 years. The above examples show that a mixed-longitudinal design does not 
allow a clear interpretation of the average age curve in all cases, but it 
makes it possible to isolate a number of effects, based on the assumption 
that the average age curve can never be a jumping line. 
The advantage of a mixed-longitudinal design over a pure longitudinal 
design is illustrated in Figure 2.III. Figure 2.III.a shows the average age 
curve based on one cohort. At age 10 the age curve increases steeply, which 
can be interpreted as an accelerated increase of the variable analyzed. 
However, if the two other age curves (cohort 1962 and 1970) are taken into 
account (Figure 2.III.b), the first interpretation does not stand anymore, as 
the steep increase is observed also in these age curves. A more plausible 
interpretation would be; an increasing age curve with a steady period effect 
from 1976 onwards. 
Cohort effects can also be studied, using Age-Cohort-analysis. This 
analysis, however, ignores the influence of period effects on the data 
obtained and accepts, therefore, that all data are correct. The latter is not 
true for all variables as is shown in 6.4. To allow the data to be analysed 
for such period effects it was decided to use the full APC-analysis in the 
mixed-longitudinal design. 
2.3.1 Study design 
To be able to demonstrate cohort effects in the development of caries in 
Tanzanian children, as well as to be able to predict future caries activity 
it was decided to select 7- to 9-year-old children. This age group has the 
following advantages: firstly, permanent teeth have just erupted and early 
enamel lesions can be diagnosed at an early stage, secondly, this age group 
is found in the lowest grades at primary schools, which strengthens the 
possibility for re-examination up to 4 years after the baseline examination. 
The mixed-longitudinal design of the present study is based on the age of the 
children and a measurement interval of 2 years, and is illustrated in Figure 
2.IV. There were seven cohorts, all born between 1975 and 1981, of which the 
first three have been examined repeatedly in 1984 and 1986. The children 
examined were 7- to 11- year olds. In 1988 the third examination will be 
carried out, including a control group for the cohorts of 1976 and 1978, to 
evaluate the test effects after one and two observation periods. 
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The present study is, so far as is known, the first to be carried out in 
Tropical Africa, based on a (mixed)-longitudinal approach. Furthermore, a 
number of study aspects required investigation, both because the environment 
in which the study was to be conducted differed markedly from that found in 
the industrialised countries, (in which hitherto the author's fellow exami-
ners had worked exclusively) and because a number of the methods proposed for 
measuring the dental conditions of these children had not been used previous-
ly in Tanzania. These aspects are presented below: 
1. Field testing of the scoring card. 
2. Determining the sample size. 
3. Feasibility and practicability of taking the dietary history. 
4. Suitability of the criteria for determining the socio-economic status of 
the study group. 
5. Diagnosing early enamel lesions without the use of artiflcal light. 
6. Processing of the microbiological samples, under field conditions, in 
Tanzania. 
To test the feasibility of these aspects it was decided to carry out a 
pilot study in the study area. 
Figure 2.IV Mixed-longitudinal design of the present study. 
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2.4 Pilot study 
2.4.1 Materials and Methods 
The pilot study was carried out by the first promoter and the author 
among 81 7- to 9-year-old children at the two rural schools in Morogoro 
District (Mgolole and Kigolwira) over two days in October 1983. The examiners 
were assisted by two senior dental students. Prior to the start of the pilot 
study the two schools were visited by the author who explained the purpose of 
the study to the schools teaching staff. The headmaster of each of the 
schools was requested to prepare a list of names of all 7- to 9-year olds 
including the day and month of birth, the profession of the father and the 
types of food usually consumed (information obtained from parents). 
The examinations were carried out in a classroom. The examiners were 
seated on a bench with their backs facing an open window. This position was 
taken to shed light into the oral cavity of the children; electricity was not 
available at the schools. Each examination was started by the assistant 
recording the personal particulars of the child and the results of the 
interview into his/her dietary history. Thereafter the scoring card was given 
to the child who went to one of the examiners for intra-oral examination. The 
dental observations, recorded by the examiners themselves, consisted of the 
following diseases and conditions: 
g 
1. Dental caries, according to the criteria described by Marthaler. 
9 
2. Gingivitis, according to the criteria described by Saxer et al. 
3. Plaque, according to the Visible Plaque Index. 
4. Calculus, according to the criteria described in Table 2.1. 
Table 2.1 Classification of calculus in the pilot study. 
Code Description 
0 No calculus present 
1 Present symmetrically on the lingual surfaces of the lower 
incisors 
2 Present symmetrically on the lingual surfaces of the lower 
incisors and symmetrically on the buccal surfaces of the upper 
first molars 
3 Present also rlsewhere 
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2.4.2 Implications for the main study 
The study aspects to be investigated and listed above, will be considered 
in turn below. 
ad 1. Field test of the scoring card 
The parts of the record card needing amending were: 
personal particulars; 
diagnosis of enamel changes; 
recording of carious lesions at surface level. 
Personal particulars. On the scoring card a box was reserved for entering 
the day of birth of the child. However, since this information could not be 
obtained from all children, it was decided to leave the box blank. On the 
revised scoring card this box was deleted. 
Diagnosis of enamel changes. During the pilot study a number of white 
spots on the tooth surfaces were diagnosed as developmental hypocalcification 
or fluorosis. The frequency of white spots in some children was so high that 
it became very difficult to diagnose early enamel lesions in these children 
reliably. An immediate decision was made to record this condition (Table 
2.2). 
Table 2.2 Classification of hypocalcifications and/or fluorosis of enamel. 
Code Description 
0 Absent 
1 Present 
2 Present in abundance, masking early enamel lesions 
The consequence for a child with score 2 was exclusion from the caries 
prediction part of the study, but not from the calculations for obtaining 
D MF scores. Such a situation occurred in 2.5 per cent of the children 
examined in the pilot study. 
A second difficulty in diagnosing early enamel lesions reliably was 
caused by the presence of black stain on the tooth surfaces. The diagnosis 
was difficult to make especially when pits and fissures were covered with it. 
As with hypocalclficatlon and/or fluorosis, criteria were developed to 
classify black stain. These criteria are described in Table 2.3. 
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Table 2.3 Classification of black stain. 
Code Description 
0 Absent 
1 Weak 
2 Moderate 
3 Extensive, masking early enamel lesions 
As with hypocalcification and/or fluorosis children with a black stain 
score 3 were excluded from the caries prediction part of the study but not 
from the D,MF calculations. Black stain score 3 was observed in 2.5 per cent 
of the children examined in the pilot study. 
On the revised scoring card one box each was added for recording the two 
conditions described above. 
Recording of carious lesions at surface level. When the scoring card was 
designed it was not thought necessary to include the approximal surfaces. 
After completing the pilot study it was however decided to take up these 
surfaces in the caries recording as all types of sites would then be repre-
sented. On the revised scoring card extra boxes were therefore added. 
ad 2. Determining the sample size 
To be able to repeat the caries prediction study of Klock and Krasse on 
a large scale, the prevalence of early enamel lesions in this age group had 
to be known. The information required could not be obtained from the litera-
ture. The pilot study showed that 44 per cent of the 7-to 9-year olds exhi-
bited one or more early enamel lesions. This allowed for a sample size be-
tween 500 and 1000 with an error of the difference in population and sample 
proportion between 3.1 and 4.4 per cent. 
In planning surveys the sample size is hardly ever determined by the 
estimation of a characteristic of a population, e.g. prevalence or mean, 
alone. Other important determinants are time, costs and number of drop-outs. 
For the field examinations approximately three weeks was reserved. It was 
recognised known that a lot of time would be needed to travel to the rural 
schools, but it was not known how many children would drop out during the 
study period of 4 years. For these reasons it was decided to examine as many 
7- to 9-year olds as possible at baseline, not exceeding the upper limit of 
1000 children. 
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ad 3. Feasibility and practicability of taking the dietary history 
The feasibility study was restricted to determine whether children of 
this young age were able to understand the questions of the interviewer. The 
dietary history was taken by the Tanzanian assistants and they reported that 
the questions posed no problems to the majority of the children interviewed. 
Only a few children had some difficulties in answering the questions more for 
reasons of shyness than from not understanding the context. 
ad 4. Suitability of the criteria for determining the socio-economic 
status of the children 
In the Western World determination of the socio-economic status of a 
child is grossly related to the education, profession and income of the 
12 father and/or mother. In this society professional status is indicative of 
the expenditure a family can afford. Tanzanian society is different from that 
in the West. Part of the population has not enjoyed any primary education at 
all, and of those who have completed this level of education only a small 
proportion is accepted for secondary education. Tertiary education is 
reserved for only a minute proportion of the secondary school leavers. The 
national economy is also differently composed from that in Western countries. 
Modern industry is scarce and the majority of the population earns its living 
from cultivating the land. Most of them are subsistance smallholders earning 
just enough to feed the family. Many government employees have similar finan-
cial constraints and have to keep additional jobs in order to be able to sus-
tain their family. 
In determining the socio-economic status of the children studied in 
Tanzania, the citeria used in the Western world could not be applied. A set 
of sensitive criteria was devised to assess the wealth of a family by count-
ing the number and types of livestock it possessed. The scope of the family 
wealth together with the profession of the father would determine the socio-
economic status of the child. However, it turned out to be very difficult for 
children at this age to know the number and type of livestock at home, so 
that determination of the socio-economic status of the children had to be 
left aside. It was decided to seek advice in this matter from experts at the 
University of Dar es Salaam to arrive at more appropriate criteria to use for 
determining the socio-economic status in the main study (see 2.5.2.2). 
ad 5. Diagnosing early enamel lesions without the use of artificial light 
During the pilot study the examiners tried to make optimal use of 
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sunlight for intra-oral examination. Early enamel lesions were seen but the 
mouth was insufficiently illuminated to know with certainty that all early 
enamel lesions could be surely detected. Furthermore, the size of the class-
room windows and the intensity of illumination between schools differed, with 
the result that the classroom in one school was better illuminated than in 
the other. Obviously, standardized lighting would be required, which at the 
same time would provide optimal light intensity for intra-oral examination 
during the main study. Assistance was sought from the technical department of 
the Dental School in Nijmegen (see 2.5.3). 
2.5 Main Study 
2.5.1 Description of research area 
Morogoro Region, one of the 21 regions in Tanzania, is divided into 4 
districts; Morogoro, Kilosa, Kilombero and Mahenge. The region is situated in 
the central-eastern part of the country with Morogoro town as the only big 
urban area (Figure 2.V). 
Figure 2.V Geographical regions in Tanzania (from Muya et al , with 
permission). 
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In Morogoro town the University of Dar es Salaam, Dental Division, 
started a teaching unit (field rotation) for dental students in primary oral 
health care in 1983. The teaching programmes were implemented in Morogoro 
town and Morogoro District. Through the establishment of this teaching unit a 
good relationship had developed between the teaching staff and the local 
authorities (educational, medical, developmental). Support from this side and 
the existence of the dental teaching unit provided a solid foundation from 
which to carry out the study in Morogoro town and Morogoro District. Another 
practical reason was that the author resided in Morogoro town from 1983 to 
1986. Furthermore, it was expected that cohort effects in caries prevalence, 
caused by increased consumption of refined snacks and beverages purchasable 
as part of an improved national economy, would be detectable in this town. 
Morogoro town is situated some 200 km west of the old capital Dar es Salaam 
and 260 km south of the new capital Dodoma and is one of the growth town in 
Tanzania. It harbours a small number of industries which is slowly growing. A 
few institutions of higher education and a big hospital, including a dental 
unit, have been established in the town. In 1984 the town was estimated to 
have 80.400 inhabitants. 
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Morogoro District covers an area of 19.316 km and is bounded in the 
north and in the south by large mountain ranges. The area in between consists 
of large plains with isolated hills. In 1984 402.090 people were living in 
the District, whom for the largest part were subsistance farmers. A sugar 
plantation is situated at the foot of the northern mountain range, in Mtibwa, 
and a few sisal estates are operating near Morogoro town. Except for the main 
roads to Dar es Salaam, Iringa and Dodoma, no roads are paved, which makes it 
difficult to reach rural areas during the rainy seasons. Two rainy seasons 
can be distinguished in Morogoro District, the long rains, which fall from 
the middle of March to the end of May and the short rains, which fall from 
the middle of November to early January. 
Since the introduction of the Universal Primary School Education policy 
in 1966 the number of children receiving primary education has increased 
tremendously as has the number of primary schools. In 1984 the number of 7-
to 9-year olds attending the 22 primary schools in Morogoro town was 2743, 
while 13,445 age-fellows attended the 237 district primary schools (Education 
Officers Morogoro-personal communication). In Tanzania primary education 
lasts 7 years and is open to children from 7 years and older. Although 
Government urges parents to send their children to school, not all children 
do attend primary school regularly. Many children start their primary 
education at age 8, 9 or 10. 
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2 .5 .2 M a t e r i a l s 
2.5.2.1 Sampling procedure 
The primary school was taken as the sampling unit, although it was known 
that a small percentage of the children were not registered at school. 
However, to select a true random sample from all children in urban and rural 
Morogoro was near to impossible and the selectiveness was accepted for 
practical reason. Sampling in Morogoro town (urban area) was carried out as 
follows. A list of primary schools was obtained from the educational authori-
ties. The entire list (22 schools), except two schools which were included in 
the Dental School teaching programme (field rotation) was used as the 
sampling frame from which 6 schools (including one reserve) were randomly 
chosen. A slightly different sampling procedure had to be followed in the 
rural area (Morogoro District). Schools which were included in the Dental 
School teaching programme and schools which were inaccessable by car (for 
reason see 2.5.3) were excluded from selection. Through this procedure 67 per 
cent of the schools (- 159 schools) remained from which 7 (including one 
reserve) were randomly selected (Figure 2.VI - cover page). 
The headteachers of the selected schools were requested to prepare a list 
of all 7- to 9-year-old children whose name had been registered in the school 
admission book. The lists were collected prior to the start of the study to 
get an impression of the total number of children expected to be examined at 
each school. The headmasters were also requested not to mention the date of 
the dental team's arrival, in order to prevent pupils from staying at home on 
the day for fear of being examined. All 7- to 9-year olds present on the day 
the team visited a school were examined. 
In 1986 all 7- and 8-year-old pupils, in addition to the 9- to 11-year 
olds, present on the date the dental team visited a school were examined by 
the same methods and criteria used previously. A list with names of these 7-
and 8-year olds had been compiled prior to the start of the study by the 
author, a school inspector and the headteacher. 
2.5.2.2 Classification of socio-economic status 
The classification of the socio-economic status (SES) of the children was 
developed in consultation with the Head of the Department of Behavioural 
Sciences in the Faculty of Medicine of the University of Dar es Salaam. 
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The classification of the SES. which had been used previously in Tanzania, 
was subject to discussion (Muhondwa-personal communications). For example the 
classification of the SES, which was used in the population census in 1978 
and which was based on the occupation and education of the father, was 
thought to be inappropriate for Tanzania in 1984. It was therefore decided to 
use the following variables, which were approximates for income and prestige, 
as determinants for the SES of the children in this study: 
1. Primary occupation of the father or mother; 
2. Housing condition (main building only). 
Education was excluded from the SES determinant variables as the information 
was going to be obtained from 7- to 9-year-old children who might not know 
for certain the number of years of schooling of their parents (Muhondwa-
personal communication). The diversity in occupation present in urban and 
rural areas was too large to be able to formulate a single classification of 
the SES on the basis of this variable, which would be appropriate for both 
areas. The classification for the variable occupation for urban and rural 
areas is presented in Table 2.U. 
Table 2.4 Classification of the socio-economic status (SES) of the child-
ren based on the occupation of their father or mother for urban 
and rural areas. 
Location Score Occupation SES 
Urban 
Rural 
1 Labourer Low 
2 Craftsman, sales or clerical worker Middle 
3 Professionals (technical, teaching, 
managerial, medical) High 
1 Agricultural labourer, herdsman, 
subsistance cultivator and livestock 
rearer Low 
2 Cash crop cultivator, craftsman and 
artisan Middle 
3 Farmer and technical or teaching 
professionals High 
N.B. - Subsistance cultivator has to sell food crops and uses traditio-
nal implements. 
Cash crop cultivator sells cash crops but does not rely on sale 
of food crops. He/she uses traditional implements. 
Farmer may grow food or cash crops but they are mainly for sale. 
A plough or tractor is used which is owned or rented. 
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The second variable on which the determination of the SES of the children 
in this study was based concerned the different types of building materials 
used for erecting the walls and constructing the roof of the family house. It 
was thought that this variable would provide information on the financial 
capabilities of the family, information which was not obtainable from the 
Table 2.5 Classification for the socio-economic status (SES) of the 
children based on their housing condition in both urban and rural 
areas. 
Housing condition 
Score Walls Roofing SES 
1 Poles and mud, or Grass, leaves Low 
mudbricks 
2 Poles and mud, or Metal, asbestos, tile Middle 
mudbricks 
3 Burnt bricks, Metal, asbestos, tile, 
concrete, stone concrete High 
occupation of the father or mother alone. In Table 2.5. the classification 
for the SES of the children is presented, based on their housing condition in 
both urban and rural areas, while the classification is illustrated in Figure 
2.VII. 
The socio-economic status of the children in this study was finally deter-
mined by combining the score of the two variables. As occupation was thought 
to be the prime determinant of the SES, this variable was given double weight 
in the calculations (Muhondwa-personal communications). The final SES of the 
children was obtained by adding up the weighted score for occupation and for 
housing condition (Table 2.6). 
Table 2.6 SES assessment based on the sum of the weighted scores of occu-
pation and housing condition. 
SES Total score 
Low 3,4 
Middle 5-7 
High 8,9 
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Figure 2 VII Low (a), middle (b) and high (c) socio-economic status of the 
children based on housing condition. 
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2.5.3 Methods 
The dental examinations were carried out by two well-trained dental epi-
demiologists from the Dental School in Nijmegen and by the author in January 
and February in 1984 and 1986. In January 1985 one of the schools selected in 
an urban and one in a rural area were visited again by the author in order to 
measure the development of early enamel lesions over a period of one year. 
This was done to get an impression of the fluctuations in the process of de-
and remineralization. For example, it could be possible that an early enamel 
lesion, scored in 1984, remineralises and is scored as sound in 1985. During 
the following year the sound surface could start demineralizing again, and 
the surface will be scored as early enamel lesion in 1986. 
The examination procedure in the main study did not differ from the one 
described in the pilot study except that a number of children were also 
examined microbiologically. The average time needed to complete a dental 
examination was 6 minutes. On average one school was visited each day. 
Figure 2.VIII Examination chair with artificial light. 
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The pilot study had demonstrated that a head rest and standardized artifi­
cial light was required The technical department of the Dental School in 
Nijmegen built a simple, lightweight construction based on the guidance of 
the examiners following the preceding pilot study This device was used in 
the study in both 1984 and 1986 (Figure 2 VIII) The device was mounted on 
the back of a chair and the flexible arm allowed the illumination of all 
parts of the mouth Electricity was obtained from the car battery This is 
why schools which were inaccessible by car, because of mountainous terrain, 
had to be excluded from the sampling frame (see 2 5 2 1) 
2 5 3 1 Dental caries 
The criteria for determining caries were based on the reduced count 
о 
method, described by Marthaler (Table 2 9 and Figure 2 IX) However, unlike 
Marthaler, X rays were not taken in this study and the approximal surfaces 
were examined clinically 
Permanent d e n t i t i o n 
Upper 
Lower 
M 2 M 1 P 2 P 1 C ' 2 ' l 
Figure 2 IX The system of partial recording referred to as "reduced count" 
The empty tooth surfaces are examined clinically The black 
surfaces are excluded from the "reduced count" (from Marthaler , 
with permission) In this study the shaded surfaces were 
examined clinically 
Caries was diagnosed at tooth level for the whole dentition in both 1984 
and 1986, and at surface level for the first molars only In 1984 and for all 
tooth types in 1986 The surfaces examined were palatal (smooth and pits), 
Vestibular 
Palatal 
Lingual 
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occlusal and buccal for the upper first molars and lingual, occlusal and 
buccal (pits and smooth) for the lower first molars. To be able to diagnose 
early enamel lesions (code 2), tooth surfaces have to be free from plaque. 
This was achieved by the examiners cleaning the teeth of the children with a 
toothbrush. The dental probe was used only in cases of doubt. The tooth 
surfaces were dried by means of hand balloon. 
Table 2.9 Description of the criteria for determining caries at tooth and 
g 
surface level (Marthaler ). 
Code Description 
0 No signs of caries 
1 Surfaces not examinable 
2 Distinct changes without loss of surface continuity 
3 Cavitation, changes detectable in the dentine 
4 Cavities with.narrowest entrance broader than 2 mm 
5 Filling 
6 Extracted permanent tooth 
7 No tooth present 
8 Sound deciduous tooth 
9 Decayed or filled deciduous tooth 
The following dental conditions were studied: 
D_ : code 2 
D, : code 3, k 
D M : code 2,3,4 and 6 
D M : code 3, 4 and 6 
2.5.3.2 Dietary history 
In 1984 the dietary history was taken by a dental assistant and In 1986 by 
a teacher. In 1986, in addition, 52 mothers were requested to answer the 
questions about the dietary history of their children. This investigation was 
carried out by a dental surgeon post-graduate student (F.K.), in order to 
check the reliability of answers of the children. The dietary history was 
based on 24-hour recall and focussed on the following aspects: 
the number of main meals per day; 
the number of sweet snacks consumed between meals per day; 
the number of fruits consumed between meals per day; 
the number of sweet drinks taken between meals per day. 
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2.5.3.3 Microbiological data collection 
A microbiological study on the prevalence of S. mutans and lactobacilli in 
the saliva formed part of the research activities carried out in 1984 and 
1986. The study was carried out by a Tanzanian dental surgeon (M.M.) as part 
of his post-graduate course in Oral Microbiology. The methods used and the 
results obtained from the 1984 study have been described elsewhere. Part of 
these results and those of the 1986-study are presented in paragraph 7.4. 
2.6 Measures of association in epidemiolopv 
2.6.1 Introduction 
For decennia caries was widespread in all populations of the developed 
world and the arithmetic mean was used as the measure to quantify the disease 
prevalence in epidemiological studies. Epidemiological studies attemping to 
explain the development of caries by studying specifically the influence of 
risk factors such as, age, sex, geography and socio-economic status have been 
few. Basically, epidemiology has been applied in dentistry empirically and 
descriptively (evaluating effects of intervention programmes; comparing 
disease occurance beween population groups). During the last decade the 
prevalence of caries has decreased tremendously in the developed world, 
particularly in children, resulting in low-prevalence child populations as 
already obtaining in African societies. As caries in these populations has 
become rarer, studying the etiology of this disease epidemiologically has 
gained importance. This requires, however, the use of measures of associa-
tions such as: relative risk and odds ratio. It is therefore appropriate to 
use these measures in the analyses of the caries data of the present study. 
These measures are described in the following sections. 
2.6.2 Different types of measures of association 
Measures of association reflect the strength of the statistical relation-
ship between a study factor and a disease; they are instrumental in making 
causal inference. In principle measures of association involve a direct com-
parison of frequency measures for different values or categories of the study 
factor. They can be divided into three types: ratio, differences and others 
(correlation coefficients and statistical model coefficients). The ratio 
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type of measures of association will be discussed for Incidence and preva­
lence comparisons in the following paragraph. 
2.6.2.1 Ratio measures 
A ratio measure of association (or effect) is a frequency measure for an 
exposed group (e.g. high SES) divided by a comparable frequency measure for 
unexposed or reference groups (e.g. low SES). An example of a ratio measure 
for incidence comparison is the risk ratio or relative risk. The relative 
risk (= RR) can be computed as follows: 
P, P(D=IIF=1) 
where D =• disease and F =• risk factor, and where P.. • (D - l|F - 1) denotes 
the chance an individual has to develop the disease if the risk factor Is 
present, while P
n
 » (D = l|F - 0) denotes the chance of an individual deve­
loping the disease in absence of the risk factor. Thus, the relative risk is 
the quotient of the chances of an individual to become affected with the 
disease while exposed versus unexposed. Under the null-hypothesis of no 
association between exposure and the disease (I.e. effect) the value of RR is 
1 (which is called the null value). 
The estimation of the RR is demonstrated by considering the hypothetical 
data of a cohort study (Table 2.11). 
Table 2.11 Number of subjects by exposure category and disease status. 
Disease 
status 
Cases (D » 
Non-cases (D -
Total 
1) 
0) 
Expo 
(F -
(a) 
(c) 
(a+c) 
Exposure 
sed 
1) 
50 
150 
200 
category 
Unexposed 
(F - 0) 
(b) 100 
(d) 700 
(W-d) 800 
Total 
(a+b) 150 
(c+d) Θ50 
N 1000 
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Using expression (2) the relative risk 
I a 50 
P(D-llF-l) = — -
Ш 2.0 
This indicates that exposed subjects were twice as likely to develop the 
disease during the follow-up period as were the unexposed subjects. 
The chance of not developing the disease in absence of the risk factor is 
denoted as Q- » Ρ (D » 0|F -0), while Q. - Ρ (D - 0|F - 1) denotes the chance 
of not becoming affected with the disease in presence of the risk factor. 
These expressions are used to define a second measure of association; the 
odds ratio ( ω ). In case-control studies the odds ratio is used to compare 
the exposure ratio of cases ( — ) with the exposure ratio of non-cases 
fi ( — ). In other words the odds ratio is used to quantify the magnitude of 
d
 15 
the association between the exposure and the disease. The odds ratio can be 
computed as follows: 
0
:
 P
:
/Q 1 a / b _ a x d 
ψ
 O0 P0/ Q~ c/d bxc 
where О is the odds in presence of the risk factor (exposure) and 0. the 
odds in absence of the risk factor. The odds ratio can thus be defined as a 
function of the chances of a subject becoming diseased. Using the data in 
Table 2.11 the odds ratio is estimated to be: 
... 50 χ 700 , ,, 
ad/bc • • 2.33 
100 χ 150 
This Indicated that the average incidence rate of the disease Is 2.33 times 
as great in the exposed group as In the unexposed group. For low-prevalence 
diseases (< 20%) the odds ratio approaches the relative risk and it Is common 
to use the two as synonymous. 
An example of a ratio measure for prevalence comparison Is the prevalence 
ratio. In cross-sectional studies with an extended risk period, the prevalen­
ce ratio (PR) is estimated in a manner similar to the estimation of the 
relative risk (RR) In cohort studies (see expression (2)). So, for example, 
If the data In Table 2.11 were taken from a cross-sectional study, the PR 
would be estimated as 2.0. That Is, exposed subjects are twice as likely to 
have the disease as are unexposed subjects. 
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In cross-sectional studies with an extended risk period the Prevalence 
Odds Ratio (POR) is equal to the odds ratio (OR) and the estimated POR is 
ad/bc. 
In the present study caries prevalence was related to the following back-
ground exposure parameters: age, area, sex and SES (in 1984 only) and the 
data were analyzed by jaw and total dentition. Given the extended risk period 
in caries development (more than one tooth can be affected) and the low 
caries prevalence found in the two cross-sectional studies, the prevalence 
ratio which has been estimated, can be considered identical to the relative 
risk and approaches the odds ratio closely. 
2.7 Statistical methods 
The statistical methods used in this study were applied to three main 
fields of investigation. These were: (a) epidemiological description of the 
dental data; (b) reliability assessment; (c) relationship between phenomena. 
These fields will be discussed in turn below. 
2.7.1 Epidemiological description 
The dental data were analyzed according to the background parameters 
specified in the study through the sampling procedure (see Chapter 5 and 
7.1). These background parameters were: age, area, SES and sex. In such a 
situation Analysis of Variance (ANOVA) is indicated to be applied. A problem 
encountered in applying ANOVA in this study was the skewness in the distribu-
tion of the dental data. In order to fulfil the requirements of "normality" 
transformations were used. 
In many studies it has been shown that the power transformation of caries 
data gives a sufficiently "normal" distribution for application of ANOVA. For 
12 
example, Ruiken has used the square root transformation (power-0.5). In 
low caries prevalence populations, however, power transformation has turned 
out to be insufficient, because of the high percentage of caries free teeth. 
Therefore, different classes of transformation were used in this study being 
Windsorisation (i.e. that outliers were replaced by a less extreme value) and 
recodlng (i.e. grouping the data in a smaller number of classes). After 
transformation the distributions were still skewed but, due to the robustness 
of ANOVA, the skewness remaining was not disturbing. In regard to this trans-
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formation one exception has to be made in general: if the receding leads to a 
dichotomy (e.g. caries v. no caries) and the prevalence is less then 10 per 
cent, the ANOVA is not considered a correct method. In such a case logistic 
regression, using the Maximum Likelihood option of the CATMOD-procedure of 
SAS , is applied (see 5.5). 
The ANOVA or logistic regression tests resulted in different patterns of 
significant parameter effects and possible interactions between parameters. 
The tests' results have been indicated as denoted in Table 2.12. 
Table 2.12 Symbols used to indicate significance levels of statistical tests 
in presenting the results. 
Significance level 
0.05 < Ρ 
0.01 < Ρ < 0.05 
Ρ < 0.01 
Symbols 
_ 
χ 
XX 
On the basis of significancies decisions were made concerning the epide­
miological description of the phenomena studied (caries, black stain etc.). 
The purpose was to give an efficient description of the data analyzed i.e. to 
present the minimal figures without loss of information. In many instances 
the age of the children was considered important and for reasons of uniform­
ity all data have been presented for the different ages separately. 
After it was decided which of the parameters would be specified in the 
description of the data, taking into account the test results of the ANOVA's, 
the different levels of the parameters were tested against each other. If the 
parameter consisted of two levels only (e.g. sex) a t-test was applied. In 
case the parameter consisted of three levels (or more) multiple comparison 
techniques were necessary in order to avoid false significant differences, 
and the Scheffé or Bonferroni-procedures were used. After testing for 
significant differences the effects observed were quantified, i.e. the mean 
values and standard deviations of the subgroups involved were presented. 
These statistics were estimated on the data without transformation. Quantifi-
cation of effects from logistic regression tests were done in terms of 
prevalence ratios (PR) or odds ratios, the latter being interpretable as 
prevalence ratios due to the low prevalence of the phenomena analyzed. The 
prevalence ratios were estimated directly from the raw data and the confiden-
ce intervals for the PR's were calculated according to Woolfs large sample 
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estimate. In more complicated situations, where several parameter effects 
were encountered, the odds ratio and corresponding error were estimated 
19 
according to the Mantel-Haenszel procedure. 
2.7.2 Reliability assessment 
Depending on the level of measurement different indices for the relia-
bility of the measurements were presented. Errors in metric measurements 
(e.g. fluoride concentrations, see 4.4) were studied by means of test-retest-
correlations. Systematical differences between repeated measurements were 
controlled applying the paired t-test. The reliability of nominal measure-
ments was expressed as the percentage of agreement in examiners (Po) observed 
and as the percentage of agreement corrected for chance factors (kappa-
coefficient, see 3.3). In longitudinal studies the reliability of measure-
20 
ments were also estimated in a Inter Period Correlation Matrix (IPC-
analysis, see 3.6). 
2.7.3 Relationship between phenomena 
The prediction of caries and interrelationship of the phenomena were 
studied in terms of correlation coefficients. For almost "normally" distribu-
ted variables the Pearson correlation test was applied and Pearson-correlat-
ion coefficients were presented. For the microbiological data, which were not 
normally distributed, a non-parametric procedure was used i.e. Spearman's 
rank correlation test and coefficients (see 7.3). 
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CHAPTER 3 
ASSESSMENT OF THE QUALITY OF THE DENTAL DATA 
3.1 Introduction 
This Chapter describes the importance of assessing the quality of research 
data, in particuluar in relation to the reproducibility of the dental data 
obtained in this study. Random and systematical differences between the 
examiners were considered together with the intra- and inter-examiner 
agreements of the oral conditions studied, using kappa coefficient. In 
addition, the Inter Period Correlation Matrix was introduced as an additional 
control for the quality of the dental data. 
3.2 Assessment of the quality of measurements in general 
In epidemiological studies examinations to assess the presence or absence 
of a particular disease should meet the following conditions (Figure 3.1) : 
to be very simple so that they can be applied on a large scale (managera-
bility); 
to lead to reproducible observations (reproducibility); 
to measure what they ought to measure (validity). 
Evaluation of 
the quality 
of a measurement! 
Managerability 
(time, expenditure, 
simple) 
Reproducibility< 
Biological 
variation 
'Examiners 
variation 
Random 
Systematical 
Intra-examiner 
Inter-examiner 
Accuracy of the 
methods 
Validity. 
.Sensitivity 
-Specificity 
Figure 3.1 Evaluation of the quality of a measurement (modified to Stur-
1N mans ). 
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Managerability of methods of examination concerns the practicability of 
the investigations under different field conditions. For example, if a 
screening test is to be carried out, the test should not be costly, take up 
too much time, nor rely on expertise which is difficult to obtain; rather, 
the method should be cheap, easy to learn through a short training course. 
Determination of the reproducibility of a test is based on an internal 
comparison of the results of a number of applications of the test under the 
same conditions, while determination of the validity of a test is based on an 
external comparison of the test results with results of a standard test, 
often referred to as the golden standard. Validity of the measurement 
methods, employed in this study, could not be determined because of absence 
of a standard test (e.g. bite-wings). However, some of the methods employed, 
for instance for the assessment of caries, have been well-defined and applied 
extensively in the field, so that a re-assessment of this measurement method 
in this study was not required. In section 3.7.2. an attempt is made to 
validate the newly constructed SES assesment. 
Assessment of the quality of the dental observations was therefore 
restricted to testing the reproducibility of the methods employed. When 
carrying out reproducibility tests differences between a number of repeated 
measurements can occur. These differences can be related to two influences: 
biological variability within subjects examined; 
measurement errors which are accounted for by the examiners or the 
measurement instrument used. 
Biological variability within subjects does not have an effect on the 
reproducibility of the caries observations in this study, which measurement 
errors, studied as inter-examiner agreement and intra-examiner agreement, do. 
Inter-examiner agreement provides information on differences in interpreta-
tion of the dental situation and instability of the examiners, while intra-
examiner agreement may evaluate the calibration exercise (Table 3.1) besides 
providing information on the instability of the examiners. 
Table 3.1 Evaluation of high and low inter- and intra-exarainer agreement 
results. 
Inter Intra Evaluation 
High High High reproducibility 
High Low Not likely 
Low High Insufficient calibration 
Low Low Inadequate measurement 
method 
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Inter-examiner agreement is determined through blind re-examination. 
Blindness in re-examination requires three conditions: 
a. the 1st examiner does not know that a re-examinâtion will follow; 
b. the 2nd examiner does not know that he is doing a re-examination. 
c. the 2nd examiner does not know the results of the 1st examination; 
In this study the second aspect could not always be realized in practice. 
During the first examination the child's teeth were brushed which was often a 
sign to the second examiner that he was doing a re-examination. The extent to 
which this methodological shortcoming has caused a distortion in the level of 
agreement can not be judged. 
Another important aspect In reproducibility tests is the determination of 
random and systematical differences between examiners. Random differences do 
not work in a certain direction but show a symmetrical pattern of deviations 
due to random circumstances. Systematical differences however show examiners' 
preferences for some categories which lead to asymmetrical crosstables. It is 
therefore important to check the data of this study for the presence of such 
systematical differences. 
The importance of carrying out reliability studies can be summarized as 
follows. It is to be able to: 
join sets of observations of the different examiners (in this study for 
three examiners); 
interpret the research findings. If a significant relation is found the 
interpretation is clear. If the relation is not significant, then there 
are two conflicting possibilities for interpreting the difference: (1) 
there is indeed no relation, (2) there is a relation but it cannot be 
determined due to measurement errors; 
improve the measurement system (see Table 3.1). 
3.3 Measures of agreement 
The choice of a coefficient of agreement to be calculated depends on the 
type of the variable concerned. Variables can be classified in the following 
measurement levels : 
a. dichotomous and nominal variables 
b. ordinal variables 
c. metrical variables 
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Dichotomous and nominal_variabl_es_. The reliability of these variables can be 
expressed by means of the kappa-coefficient. The kappa-coefficient is the 
proportion of agreement after chance agreement is removed from considera-
2 
tion. The general formula of kappa is: 
Ρ - Ρ 
K
 1 - Ρ 
e 
where Ρ is the proportion of agreement that was actually observed and Ρ is 
the proportion of agreement that could be expected by chance. The kappa-
coefficient has been described as the ideal measure of overall agreement for 
3 
inter-dentist agreement in caries prevalence studies. However it has a 
disadvantage in its dependence on the prevalence of the considered phenomena. 
This will be explained with the help of two crosstables from the agreement 
calculations of this study. 
Table 3.2 Influence of the prevalence of early enamel lesions on the level 
of the kappa-coefficient. 
A 
Smooth surfaces incisors 
Examiner X 
code 1 
Examiner 
Y 1 281 
2 0 
2 
2 
28 
Approximal 
Examiner 
Y 
В 
surfaces 
Examiner 
code 
1 
2 
first 
X 
1 
271 
1 
molars 
2 
1 
1 
Kappa - 0.96 N - 311 Kappa =0.50 N - 274 
Po - 0.99 Po - 0.99 
Pe = 0.83 Pe - 0.99 
code 1 = sound tooth surface 
2 — early enamel lesion 
Both Table 3.2 (A) and (B) show two errors in scoring early enamel lesions. 
The Po's are equal (0.99), but the kappa-coefficients differ; 0.96 (A) versus 
0.50 (B). This difference is caused by the difference in prevalence of early 
enamel lesions; 30 (A) versus 3 (B). To be able to judge this phenomenon to 
some degree, Po's will be presented in this study in addition to the kappa-
coefficients. 
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The hierarchical classification of the kappa-coefficitnts in a quality 
perspective is described in Table 3 3 
Table 3 3 Six-point scale for interpreting kappa-coefficient 
co - 0 00 poor 
0 00 - 0 20 slight 
0 21 0 40 fair 
0 41 0 60 moderate 
0 61 - 0 80 substantial 
0 81 - 1 00 almost perfect 
Systematical differences between examiners may be evaluated using the 
McNemar's test on discordant pairs This method is not readily applicable in 
re examination studies with a relatively small sample size Another approach 
is to divide all data collected in the epidemiological study according to 
examiner and analyse differences between examiners using ANOVA 
Ordinal _variables The kappa coefficient can also be applied for de4cribing 
the reliability of ordinal variables Its use has, however, the disadvantage 
that the same weight is given to each discrepancy, independent of the number 
of scale scores which lay between them This problem can be solved using the 
weighted kappa coefficient This is applicable to black stain and hypocalci-
f ication 
Metrical variables In general exact agreement between first and second 
examination with metrical variables is not achieved Already small measure-
ment errors cause low percentages of agreement It is therefore more appro-
priate to use methods other than the kappa coefficient in such circumstances 
A method applicable to this situation is to analyse the differences (d) in 
results obtained between first and second examination Using paired student 
t test systematical difference between first and second examiner may be 
studied and duplicate the error for assessment of random fluctations 
3 4 Preparing and orpanizinp the re examinations 
The level of inter-examiner agreement is, amongst other factors, dependent 
on the level of calibration The process of calibration can be carried out in 
different ways Examiners can calibrate themselves against established norms, 
e g sets of carious teeth, or calibration is performed by the examiners 
examining a number of individuals before the study commences The results are 
compared and the differences observed are discussed to arrive at a common 
interpretation of the criteria defined 
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During the calibration exercise for this study, special attention was paid 
by the examiners to achieving optimal agreement on the use of the criteria 
for diagnosing early enamel lesions and dentinal lesions, these being the 
main topics in this study. The calibration exercise lasted two days in 1984 
and one day in 1986. Some twenty primary school children from a non-selected 
school were examined independently by the three examiners in the same manner 
and according to the same diagnostic criteria as were later used in the 
field. The results of the examinations were compared and discussed but not 
evaluated statistically. 
In the field re-examination was organised by a Tanzanian team member. In 
1984 it was undertaken by a dental assistant and in 1986 by a teacher. They 
arbitrarily selected children for re-examination, which took place at least 
15 minutes after completion of the first examination. The re-examinations 
could not be carried out completely blind, as the childrens' teeth were 
brushed which was often a signal to the second examiner that he was doing a 
re-examination (see 3.2). The numbers of children re-examined in 1984 and in 
1986 are presented in Table 3.4. 
Especially during the first couple of days of both field-studies, exami-
ners regularly contacted each other to discuss the interpretation of the 
criteria for early enamel lesions and dentinal lesions in children from whom 
interpretation was found to be difficult. Such discussions took place after 
the second examiner had completed the examination and no changes were made on 
the scoring card after the discussions were over. These discussions were held 
merely to increase the consistancy of interpreting the criteria among the 
examiners because of the difficulties observed in distinguishing early enamel 
lesions from other white spot lesions in the tooth surfaces. 
Table 3.4 The number of children by examiner combination and the total 
percentage of children examined for inter- and intra-examiner 
agreement tests in 1984 and 1986. N — Number of children. 
Examiner 
combination 
Year 
Grand 
1984 
1986 
total 
1-2 
N 
32 
41 
73 
Inter-examiner 
agreement 
1-3 
N 
32 
35 
67 
2-3 
N 
33 
38 
71 
T' 
N 
97 
114 
211 
ot. 
% 
13 
14 
14 
I 
1-1 
N 
20 
22 
42 
Intra-examiner 
¡ 
2-2 
N 
22 
25 
47 
agreement 
3-3 
N 
28 
73 
101 
Tot. 
N 
70 
120 
190 
X 
10 
14 
12 
Grand 
total 
N 
167 
234 
401 
X 
23 
28 
26 
47 
3.5 Results of reproducibility tests 
3.5.1 Caries at tooth level 
In determining inter- and intra-examiner agreement six combinations of 
examiners were evaluated. Combination 1-2, 1-3 and 2-3 represent inter-
examiner agreement and combination 1-1, 2-2 and 3-3 intra-examiner agreement. 
The reliability of the results were evaluated according to three sets of 
identification (Table 3.5). 
Table 3.5 Three sets of identification in determining the reliability of 
caries at tooth level. 
a. 
b. 
c. 
Identification 
1. recognition 
2. recognition 
3. recognition 
4. recognition 
5. recognition 
Identification 
1. recognition 
2. recognition 
3. recognition 
Identification 
1. recognition 
2. recognition 
of 
of 
of 
of 
of 
of 
of 
of 
of 
of 
of 
of 
of 
type of teeth 
decidious teeth 
permanent teeth 
extracted permanent teeth 
not yet erupted teeth 
non-examinable teeth 
caries in permanent dentitions 
sound teeth 
early enamel lesions 
dentinal lesions 
caries in deciduous dentitions 
sound teeth 
dentinal lesions 
These three sets formed the basis from which the reliability of the caries 
data was calculated. For this purpose the dentition was divided in the 
following five areas: 
1st and 2nd molars lower jaw (in 1984 only 1st molars were examined); 
1st and 2nd molars upper jaw; 
1st and 2nd premolars lower jaw; 
1st and 2nd premolars upper jaw; 
anterior teeth. 
For these five areas the kappa-coefficients for each examiner combination in 
respect of each set of identification were calculated. These preliminary 
analyses showed no noticeable differences between upper and lower jaw, and 
between molars and premolars. This result suggested that amalgamation of 
molars and premolars in the upper and lower jaw was justified, so that two 
segments, anterior and posterior, remained for further calculations. Thereaf-
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ter differences in the reliability of the caries observations between 
posterior and anterior teeth were checked. In total 36 comparisons could be 
made; 3 sets times 6 examiner combinations times 2 years. Results showed that 
the kappa-coefficients were in 17 cases higher in the posterior segment, in 
15 cases higher in the anterior segment, equal in 2 cases and they could not 
be compared in 2 cases (no kappa-coefficient calculable). These findings 
indicated no difference between the two segments, justifying the amalgamation 
of anterior with posterior teeth. The kappa-coefficients for the caries data 
for each examiner combination at tooth level in 1984 and 1986 is shown in 
Table 3.6. 
Table 3.6 Kappa-coefficient values for the three sets of identification 
for each examiner combination at tooth level in 1984 and 1986. 
(For sets a, b and с see Table 3.5). 
Examiner 
combination 
Year 
1-2 
84 86 
1 
Inter - examiner 
agreement 
1-3 
84 86 
2-3 
84 86 
Intra-examiner 
agreement 
1-1 
84 86 
2-2 
84 86 
3-3 
84 86 
Sets 
a." .99 .97 .98 .97 .99 .98 .99 .99 1.00 .98 .98 .99 
b. + .74 .66 .65 .56 .73 .58 .89 .92 .94 .82 .90 .96 
c * .98 .91 .91 .88 .88 .88 .92 .94 .98 1.00 .91 1.00 
- N varied between 480 - 2212 
+ N varied between 276 - 1658 
* N varied between 89 - 353 
Closer analysis of Table 3.6 reveals only small or no differences between 
each examiner combination for both inter- and intra-examiner agreement, and 
between the two study years. Through this result the 6 kappa-coefficients of 
each set of identification for inter- and intra-examiner agreement could be 
joined. Of these 6 kappa-coefficients the median was calculated. The results 
are presented in Table 3.7. The table also contains the median Po values, 
which were calculated in the same way as the kappa-coefficient values, in 
order to show the influence of the prevalence of the dental phenomena 
distinguished. 
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Table 3 7 Median reliability coefficients for diagnosing caries at tooth 
level for each set of identification in 1984 and 1986 combined 
I 
Inter-examiner Intra-examiner 
agreement agreement 
Sets of identification 
Kappa Po Kappa Po 
coefficient value coefficient value 
Type of teeth (a) 0 98 0 99 0 99 1 00 
Caries in permanent 
dentitions (b) 0 66 0 92 0 91 0 98 
Caries m deciduous 
dentitions (c) 0 90 0 98 0 96 1 00 
The kappa coefficient for the inter-examiner agreement regarding the 
identification of caries in the permanent dentition scored lowest (kappa -
0 66) The corresponding Po value however was much higher (Po - 0 92) The 
discrepancy is due to the low prevalence of dentinal lesions and early enamel 
lesions in the study populations The kappa-coefficients for all other sets 
of identification were very high The table further shows higher kappa-
coefficients and Po's for intra examiner agreement than for inter examiner 
agreement, although the differences were relatively small In conclusion it 
can be stated that the kappa coefficients and the Po-values showed a substan-
tial level of reliability for caries diagnosis at tooth level 
3 5 2 Caries at surface level 
Determining the reliability of diagnosing caries at surface level was 
restricted to calculating two sets of identification 
caries in permanent dentitions, 
early enamel lesions 
Due to the large difference in caries prevalence in molars compared to 
premolars and anterior teeth, the reproducibility tests were carried out for 
diagnosing caries in the molar region and in the premolar/anterior region 
3 5 2 1 Reliability calculations for diagnosing caries in the molar region 
The surfaces of the molars were rearranged in 4 groups approximal, 
occlusal, pits and fissures smooth and surfaces In order to determine the 
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inter- and intra-examiner agreement for each combination (set of identifica­
tion with tooth surfaces) the kappa-coefficients and Po's were calculated. 
The calculations resulted in 96 kappa-coefficients and Po's per set of 
identification each. This high number required analysis of the different 
sources of variation which was achieved using ANOVA. Results of the ANOVA on 
the kappa-coefficients and Po's per study year, per tooth surface and per 
examiner combination regarding identification of caries in the permanent 
dentition only is presented in Table 3.8. 
Table 3.8 Effects in kappa-coefficient and Po values (in percentages) per 
study year, per tooth surface and per examiner combination for 
caries at surface level of first and second molars. 
Kappa- Po 
coefficient 
X % 
Grand mean Group 65 96 
Study year 1984 1 0 
1986 0 0 
Surfaces 1st Molars approximal 6 3 
occlusal 7 -7 
pits and fissures 6 -3 
smooth ^1 0 
2nd Molars approximal χ 4 
occlusal 3 -2 
pits and fissures -25 1 
smooth -17 3 
Examiner Inter 1-2 -16 -2 
combination 1-3 -14 -4 
2-3 -19 0 
Intra 1-1 19 2 
2-2 5 1 
^ З 27 3 
X = not calculable, caries absent. 
Note: The kappa-coefficient and Po value for a particular phenomenon 
studied can be calculated by adding up or subtracting the correspon­
ding value(s) by the grand mean value. For example, the kappa-
coefficient for the occlusal surface of first molars in 1984 is 
calculated as follows: 65 + 7 + 1 - 735Í, whereas the Po value is 
96 - 7 + 0 - 89Z. 
Taking into account the results in this table the following decisions were 
made for the final presentation of the reliability coefficients: 
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no distinction were made between 1984 and 1986; 
the differences in agreement for the surfaces was not very uniform; 
the differences between 1st and 2nd molars was not very clear; 
inter- and intra-examiner agreement were distinguished; 
no difference were made between the examiners for both inter and intra-
exarainer agreement. 
These decisions have led to calculating the reliability coefficients for 
inter- and intra-examiner agreement regarding first and second molars 
separately. The presentation of the calculations was done by means of 
frequency distributions. The 25-50-75 percentiles of the kappa-coefficients 
and Po's for inter- and intra-examiner agreement regarding the first and 
second molars in 1984 and 1986 are presented in Table 3.9. 
Table 3.9 Reliability for diagnosing caries at surface level for first and 
second molars, (kappa-coefficient and Po's represent 25-50-75 
percentiles). 
1 
Kappa-coefficient Po value 
1st Molars 2nd Molars 1st Molars 2nd Molars 
Percentiles 25 50 75 25 50 75 25 50 75 25 50 75 
Inter .46 .59 .68 .00 .38 .49 .85 .93 .97 .96 1.00 1.00 
Intra .76 .86 .96 .60 .92 1.00 .96 .98 1.00 1.00 1.00 1.00 
The median kappa-coefficient for inter-examiner agreement regarding caries 
in the second molars was fair. However, the corresponding median Po value was 
highest. Such a difference can only be explained by a very low prevalence of 
early enamel lesions and dentinal lesions in the second molars (see 3.3). The 
median kappa-coefficient (0.59) and Po value (0.93) relating to diagnosing 
caries in the first molars showed a moderate reproducibility for the inter-
examiner agreement. The intra-examiner agreement was almost perfect which is 
shown by the high median kappa-coefficient and Po values of the first and 
second molars. 
The calculations for assessing the reliability of caries data were based 
on diagnosing sound surfaces, surfaces with early enamel lesions and with 
dentinal lesions. However, the observation of early enamel lesions formed an 
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important part of this study and it was thought to be an area where differen-
ces between the examiners could occur. Therefore the reliability of the early 
enamel lesions observation was assessed separately. The results are presented 
in Table 3.10. 
Table 3.10 Reliability for diagnosing early enamel lesions at surface level 
for first and second molars (kappa-coefficient and Po values 
represent 25-50-75 percentiles). 
Percentiles 
Inter 
Intra 
1st 
25 
.40 
.75 
Kappa 
Molars 
50 
.50 
.85 
75 
.62 
.93 
coefficient 
2nd 
25 
.00 
.45 
Molars 
50 75 
.28 .45 
.85 1.00 
1st 
25 
.85 
.96 
Po value 
Molars 
50 
.93 
.98 
75 
.97 
1.00 1 
2nd 
25 
96 
.00 
Molars 
50 75 
1.00 1.00 
1.00 1.00 
The median kappa-coefficients for inter- and intra-examiner agreement 
regarding both molars were somewhat lower for early enamel lesions than for 
caries (Table 3.9). The Po's were however high and identical. Notwithstanding 
this fact the values indicated that the reliability of diagnosing early 
enamel lesions was lower than that of caries. It was, however, very remark-
able to observe a high (1.00) Po value together with a much lower (0.28) 
median kappa-coefficient value for inter-examiner agreement regarding the 
second molars. This showed again that the low prevalence of early enamel 
lesions found in these teeth was the reason for the low kappa-coefficients. 
It can be concluded that the level of reliability regarding diagnosing early 
enamel lesions is moderate. 
3.5.2.2 Reliability calculations for diagnosing caries in premolars and 
anterior region 
The reduced count system which was used in this study to determine caries 
allowed the following surfaces in this region to be examined: 
premolars : approximal and occlusal 
canines approximal and buccal-lingual 
incisors approximal and buccal-lingual 
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The kappa-coefficients for premolars and canines could not be calculated 
because of the complete absence of early enamel lesions and dentinal lesions 
in these teeth. The reliability calculations for this region were therefore 
restricted to those of the incisors. The results were calculated in the same 
way as described for caries at tooth level (see Table 3.7) and are presented 
in Table 3.11. 
Table 3.11 Reliability for diagnosing caries at surface level in incisors. 
Inter-examiner Intra-examiner 
agreement agreement 
Kappa- Po Kappa- Po 
coefficient value coefficient value 
Incisors 0.37 0.99 1.00 1.00 
The kappa-coefficient for inter-examiner agreement was fair (0.37) but the 
Po value was very high (0.99). The intra-examiner agreement seemed perfect 
(1.00), but again the low prevalence of early enamel lesions and dentinal 
lesions have caused the large discrepancy between the kappa-coefficients and 
Po's for the inter-examiner agreement to occur. 
From the results of the reliability calculations regarding the posterior-
and anterior teeth it can be concluded that the reliability of diagnosing 
caries at surface level is moderate. 
3.5.3 Systematical differences between examiners for diagnosing caries at 
surface level 
The sample size of the re-examination study was too small to study 
systematical differences at tooth level, taking into account the low preva-
lence of most dental phenomena and the necessity to divide the sample in 
three parts (1-2, 1-3 and 2-3). Only the caries data at surface level were 
suitable for the study of systematical differences in the re-examination 
study. Checking for systematical differences between examiners was based on 
the observations of sound surfaces, and of surfaces with early enamel lesions 
and with dentinal lesions of the first molars in both 1984 and 1986. This 
test was carried out on first nolars as early enamel lesions were observed 
predominantly in the surfaces of these teeth and further because they were 
the only teeth examined at surface level in 1984. Testing for systematical 
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differences between the three examiners in diagnosing caries was performed by 
means of ANOVA. The results are presented in Table 3.12. 
Table 3.12 Effects in the percentage of sound surfaces, and surfaces with 
early enamel lesions and with dentinal lesions of the first 
molars by the three examiners in 1984 and 1986. 
Study year 
Condition 
N total 
Grand mean 
Examiner 
1 
2 
3 
Significance 
level (p) 
sound 
14736 
86.1 
-0.8 
2.0 
-0.8 
0.03 
1984 
early enamel 
lesion 
2141 
12.1 
0.5 
-1.5 
0.7 
0.06 
dentinal 
lesion 
289 
1.0 
0.1 
-0.3 
0.1 
0.18 
1 
sound 
18412 
93.1 
-0.2 
-0.4 
0.5 
0.54 
1986 
early enamel 
lesion 
981 
4.9 
0.2 
0.6 
-0.7 
0.09 
dentinal 
lesion 
413 
1.5 
0.0 
-0.1 
0.1 
0.64 
(Differences from the mean score are adjusted for the co-variates urbanisa-
tion and age). 
The percentages of sound surfaces, and surfaces with early enamel lesions 
and with dentinal lesions for the individual examiner were calculated by 
adding up the corresponding effects to the grand mean. To translate these 
percentages as differences per surface scored between the examiners, the 
total percentage (- 100) should be divided by the total number of surfaces 
per child (- 24). In 1984 examiner 2 scored on average 2.8 per cent more 
surfaces sound than examiner 1 and examiner 3. This difference was statistic-
ally significant. It meant that examiner 2 observed on average 0.68 more 
surfaces sound per child than examiner 1 and 3. The differences between the 
examiners in percentages of sound surfaces, and surfaces with early enamel 
lesions and with dentinal lesions were relatively small (Table 3.12). Despite 
the one significant difference it can be concluded that systematical differe-
nces between the examiners may be neglected. 
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3.5.4 Black stain and hypocalcification 
The remaining conditions for which reliability was to be determined were 
black stain and hypocalcification. The data were dichotomized and the kappa-
coefficient was used for calculating the reliability of these two conditions. 
The results are presented in Table 3.14. 
Table 3.14 Reliability of black stain and hypocalcification. 
Inter-examiner Intra-examiner 
agreement agreement 
Kappa Fo Kappa Po 
coefficient value coefficient value 
Black stain * 0.67 0.84 0.86 0.94 
Hypocalcification * 0.57 0.81 0.87 0.96 
* N varied between 20 - 79 
The reliability for scoring black stain was substantial as can be seen 
from the kappa-coefficient and Po values in the table above. The reliability 
for scoring hypocalcification was moderate. 
3.6 Interperlod Correlation Matrix (IPC) 
Developmental studies are designed to measure changes in health status 
over time. The measurements, however, need to have a certain precision to 
enable the differentiation of real developmental changes from measurement 
errors. In this context measurement errors consist of examiner errors 
(assessed in the previous paragraphs) and biological fluctuation of the 
variable under study, which can be seperated using the so-called Interperlod 
Correlation Matrix-analysis (IPC). This matrix contains the correlation 
between one and the same variable at different tlme-of-measurements. In 
general, such a correlation matrix shows a decrease in correlation coeffi-
cients with increasing intervening time interval. The matrix was applied on 
four variables from this study. These were: 
early enamel lesions in approximal surfaces of first molars; 
early enamel lesions in buccal and lingual surfaces of first molars; 
early enamel lesions at tooth level; 
caries experience. 
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The correlation coefficients (Pearson) between these variables at different 
time-of-measurements (1984-1985-1986) for the children examined is presented 
in Table 3.15. 
Table 3.15 Interperiod Correlation Matrices (Pearson's r) for the vari-
ables: early enamel lesions in approximal surfaces (A), and in 
buccal and lingual surfaces (B) of first molars; early enamel 
lesions at tooth level (C) and caries experience (D) for the 
children examined in 1984, 1985 and 1986. 
Variables 
Period 
1984 
1985 
1986 
1984 
1985 
1986 
Variables 
D2S app 
1984 
. 
-
-
. 
-
-
roximal 
1985 
0.38 
-
-
0.47 
-
-
V 
surfaces 
1986 
0.32 
0.70 
-
0.42 
0.49 
-
D2S buccal 
1984 
_ 
-
-
_ 
-
-
and lingue 
1985 
0.32 
-
-
0.57 
-
-
D3MT 
il surfaces 
1986 
0.54 
0.35 
-
0.73 
0.87 
-
Number of children examined 1984-1985 is 84 
Number of children examined 1984-1986 is 507 
Number of children examined 1985-1986 is 69 
Applying a developmental model it is possible to describe the IPC using 
only two parameters. The first parameter concerns the level of the measure-
ment-remeasurement correlations and provides information on the measurement 
error(e): a higher correlation value indicates a lower measurement error. The 
second parameter concerns the depreciation of the correlation values over 
time and provides information on the differences in the developmental 
changes(g): a greater depreciation shows a larger difference in developmental 
changes. Applying a specific analysis of the IPC the division of (e) by (g) 
can be estimated. A small e/g indicates a small measurement error relative to 
developmental changes, which means that the variable concerned is useful in 
measuring individual developmental changes. However if e/g is large, than the 
measurement error dominates the developmental changes and the variable 
concerned is not useful in measuring developmental changes. 
The number of time-of-measurements in the present study is too low to 
estimate the second parameter(g) at a sufficient level of precision. There-
fore the IPC-analyses in this situation had to be restricted to the estima-
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tion of the measurement-remeasurement correlation (i.e. first parameter 
only). 
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Figure 3.II Interperiod correlation matrices for the 4 variables studied 
(figures from Table 3.15). 
The regression line of each of the variables considered is presented in 
Figure 3.II. Ascending regression lines in IPC-matrix are theoretically not 
acceptable. Therefore, the regression line in Figure 3.II,b was replaced by 
the best fitting horizontal line. This procedure leads to an estimate of the 
intercept, which may be interpreted as the direct measurement-remeasurement 
correlation. The variables early enamel lesions in buccal and lingual sur-
faces (b) and at tooth level (c) showed moderate reproducibility. The two 
variables remaining, early enamel lesions in approximal surfaces (a) and 
caries experience (d) , showed sufficient measurement-remeasurement correla-
tion. 
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3.7 Quality of assessment of socio-economic status 
3.7.1 Reproducibility and internal consistency 
The criteria to determine the SES of the children were developed specific-
ally for use in this study (see 2.5.2.2). This fact necessitated the assess-
ment of the reproducibility and validity of this new instrument. The reprodu-
cibility of the SES data have been assessed, using kappa coefficient, not 
only for the SES determination, but also for its components occupation and 
housing condition. The kappa-coefficient values for the three distinguished 
variables were all very high (Table 3.16). 
Table 3.16 Kappa-coefficient values for SES determination and its compo-
nents . 
SES Occupation Housing condition 
Kappa-coefficient 0.96 0.95 0.95 
value 
N - 138 
The component-SES correlations were calculated to get an impression of the 
internal consistency in the SES determination. The correlations of SES with 
occupation and housing condition were 0.91 and 0.49 respectively. Thus, the 
newly constructed SES instrument relied mainly on the occupation component, 
which was to be expected considering the weighting procedure applied to get 
the SES scores. Finally, the correlation coefficient value between housing 
condition and occupation was 0.35. 
3.7.2 Validity 
Several approaches are available for establishing validity of a measure-
ment instrument such as: content, concurrent, correlational, predictive and 
g 
construct validity. The only possibility, on a small scale, to validate this 
newly constructed SES instrument, using data from this study, is through con-
struct validation. This includes the comparison of the variables eating 
snacks and using western type toothbrushes, with the SES of the children and 
its two components. The existence of e relationship would be indicative of 
the validity of the new instrument. The correlation coefficient (Pearson) 
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values between each of the two variables and SES and the two components are 
presented in Table 3.17. 
Table 3.17 Correlation coefficients (Pearson) between eating snacks and 
using western type of toothbrushes, and the SES determinants. 
SES Occupation Housing condition 
Using western type 
of toothbrush 0.21 0.19 0.20 
Eating snacks 0.31 0.09 0.25 
all correlation coefficients were significant at the 1 Ζ level 
N - 709 
The table above shows low correlation coefficients in the expected 
direction. The correlations with SES were higher than for the two other 
determinants, indicating a small gain in validity, using the newly con­
structed SES instrument instead of the more classical determinant of occu­
pation. Furthermore, the table shows that the contribution of the SES com­
ponent housing condition to the total SES determination is moderate. More 
research should be carried out to develop a valid SES-determination instru­
ment. 
3.8 Conclusion 
The assessed quality of dental caries data was influenced by the low 
prevalence of early enamel lesions and dental cavities which was observed in 
this study. This situation was particularly apparent for the second molars, 
most probably because these teeth were only examined in 1986. In applying the 
kappa-coefficient as a measure for the reliability of observations, a low 
prevalence of a particular condition causes low kappa-coefficients together 
with high Fo values. Such a situation was found in the presentation of the 
reliability results of some dental characteristics in this study. Extreme 
differences between kappa-coefficients and Po's were found in the inter-
examiner agreement for caries and early enamel lesions at surface level for 
the second molars and also in the inter-examiner agreement for caries at 
surface level for incisors. In the absence of a more appropriate method for 
determining the reliability of low prevalence conditions it can be concluded 
that the reliability for diagnosing caries at tooth and at surface level was 
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sufficient for further analysis. The results of the IPC-analyses for early 
enamel lesions and caries at tooth level confirm the findings obtained from 
the reliability tests. Regarding the reliability for scoring the other 
conditions studied, it can be concluded that the reliability for determining 
SES is almost perfect, for black stain substantial and for hypocalcification 
moderate. These findings lead to the final conclusion: 
There is not reason for exclude variables for further analysis. 
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CHAPTER 4 
FLUORIDE CONCENTRATION IN WATER SOURCES IN URBAN 
AND RURAL MOROGORO, ITS RELIABILITY AND THE INFLUENCE OF THE RESULTS 
ON THE ANALYSES OF THE DENTAL DATA 
4.1 Introduction 
This Chapter describes the importance of fluoride assessment in water 
sources as part of caries studies in tropical countries, and goes on to test 
the difference between mean fluoride concentration in water samples taken in 
the dry and wet season, between two dry seasons and between two independent 
laboratories as evidence for the reliability of the fluoride data. This 
Chapter closes with a brief discussion on the influence of the results of the 
fluoride analyses on the analyses of the dental data. 
4.2 Epidemiological data on the relationship between fluoride concen-
trations in water sources and dental fluorosis in tropical countries 
A number of studies have reported on the high concentration of fluoride in 
1-4 
water sources in Tanzania. The fluoride concentration in certain areas of 
the country was found to be so high, that skeletal deformities were obser-
1 3 5 
ved. ' ' A nationwide study on the quality of drinking water, carried out in 
1971, provided information on the fluoride concentration in various areas. 
Areas with a fluoride concentration of more than 2 ppm were found in the 
following regions: Arusha, Kilimanjaro, Mara, Mwanza, Singida and Tanga. In 
Morogoro Region the fluoride concentration ranged between 0.52 and 1.28 ppm 
but in a few shallow wells recently built in this region concentrations up to 
7 ppm have been reported. 
It is common knowledge that for temperate climates water with a fluoride 
concentration of 1.0 ppm provides an optimal anticariogenic effect. The 
optimal fluoride concentration for caries reduction in tropical climates, 
such as Tanzania, has not been studied specifically, but it is generally 
g 
accepted to lie below 1.0 ppm. Mailer et al concluded that a fluoride 
content in excess of 0.6 ppm was not acceptable in Uganda. An even lower 
fluoride concentration (0.2 - 0.3 ppm) in combination with high tea consump-
9 
tion was assumed to give a fluoride intake optimal for caries reduction. She 
further reported that 15 per cent of the 5- to 54-year-old Ethiopians 
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examined showed dental fluorosis, predominantly of a very mild form using 
Dean's classification. In Kenya dental fluorosis was also observed in a low-
fluoride area ; 36 per cent of school children living in an area with less 
than 0.5 ppm fluoride in the water sources were affected. 
In general, assessing the reliability of the fluoride measurements is very 
difficult to perform as the fluoride concentration varies naturally through-
out the year. Of course large differences In the fluoride concentrations of 
a particular water source are very unlikely to be accounted for by the 
natural variation. Such a difference could, for instance, originate from the 
way in which the analysis at the laboratory is carried out. Therefore in this 
study the results of the fluoride assessment have been controlled by taking 
the following actions: 
1. Taking water samples in the dry seasons of both 1984 and 1986 and looking 
for significant differences. 
2. Taking water samples in the dry and in the rainy seasons and looking for 
significant seasonal differences. 
3. Sending samples of a number of water sources to two independent laborato-
ries and comparing the results for significant differences. 
4. 3 Materials and methods 
In the rural areas of Morogoro District a number of different types of 
water sources are to be found, such as springs, bore holes, streams, rivers 
and shallow wells. These wells were constructed in 1978, through a donor 
supported water project. This project aims at providing clean drinking water 
to villages in mountainous areas through piped water schemes, and to those 
living in the plains through shallow wells. Morogoro town receives drinking 
water from a mountain stream and from a man-made lake. The water from both 
sources is transported through a pipe network to the households. Besides this 
network a number of bore holes are found scattered around the town. 
The first collection of samples from all known water sources in the 
villages was done at the end of the dry season in November 1984. The samples 
were analysed at the laboratory of the Ministry of Water, Energy and Minerals 
in Dar es Salaam, using the fluoride electrode (Orion). In January 1985, at 
the end of the short rains the second collection of water samples was made. 
This time samples were collected from only a selection of all the water 
sources in the villages. The selection was based on practical considerations 
(certain villages were difficult to reach in the rainy season) and for 
controlling the fluoride concentration in water sources with more than 0.5 
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ррш (expected antlcarlogenic effect). Two samples were taken from the 
selected water sources and sent to two laboratories, one to the laboratory in 
Dar es Salaam, the second to a laboratory in The Netherlands (werkgroep tand­
en mondziekten, TNO, Utrecht). The fluoride analyses at TNO were carried out 
12 
using gaschromatography. In August 1986, in the dry season, the third 
collection of water samples was made. These samples were sent to TNO for 
analysis. Samples from a number of springs and streams in Mgeta village were 
not taken, as these water sources were situated high up in the mountains and 
had extremely low levels of fluoride in 1984. 
The water samples from the two sources which provided Morogoro town with 
water were analysed at the laboratory in Dar es Salaam in 1984 only. The 
samples were collected from the tap(s) near the school compounds. In 1984 the 
fluoride concentration of these two water sources was so low and confirmed 
the earlier (1979) reported fluoride concentration, that no water samples 
were taken in 1986. 
4.4 Results 
The fluoride concentration of the water sources in Morogoro town are 
presented in Table 4.1, and those of water sources in the 8 villages in Table 
4.2. 
Table 4.1 The fluoride concentration (ppm) of 7 waterpoints in Morogoro 
town in 1984. 
Location Source ppm 
Mbuyuni Primary School 
Mbuyuni 
Mafisa Primary School 
Mchikichini Primary School 
Uhuru Primary School 
Kikundi Primary School 
Mtawala Primary School 
stream 
bore hole 
stream 
stream 
stream 
stream 
lake 
0.03 
0.02 
0.02 
0.02 
0.04 
0.02 
0.20 
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Table 4.2 Fluoride concentration (ppm) of water sources in 8 villages in 
Morogoro District in 1984 (dry season), 1985 (wet season) and 
1986 (dry season) 
Rainy season 
Village 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
β. 
9. 
10. 
11. 
12. 
η . 
Η . 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
Fulwe 
" 
" 
Klgugu 
-
" 
Klpera 
* 
" 
Klzlwa 
Mgota 
" 
" 
" 
" 
" 
Mgudenl 
Mllama 
-
Mkundi 
Source 
bore hoi e 
water hole 
tap 
water hole 
water hole 
water hole 
shallow 
shallow 
river 
shallow 
shallow 
shallow 
shallow 
shallow 
river 
we 
we 
11 
11 
well 
we 
we 
we 
we 
water hole 
shallow 
pool 
river 
shallow 
shallow 
we 
11 
11 
11 
11 
11 
well 
we 
water hole 
spring 
river 
spring 
stream 
st ream 
stream 
tap 
spring 
spring 
spring 
spring 
spring 
spring 
stream 
spring 
spring 
Spring 
shallow 
shallow 
tap 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
we 
we 
we 
we 
we 
we 
we 
we 
we 
we 
water hole 
shallow we 
11 
π 
11 
ill 
11 
11 
11 
ill 
11 
ill 
11 
11 
Dry 
1984 
DSM 
0.07 
0 19 
0 13 
0.11 
0 90 
0.29 
0 20 
0 32 
0.10 
0.23 
ο.βο 
1 28 
0 91 
0.59 
0.34 
0.25 
0.60 
0.11 
0.26 
0.07 
1.00 
0.03 
nil 
0.04 
0 38 
0 12 
0 04 
0 2? 
0 02 
0.36 
0.09 
0.19 
0.24 
0 12 
0.10 
0 11 
0.21 
0 36 
0 13 
0 62 
о 60 
0.28 
0.80 
0.55 
0.74 
0.46 
0.86 
0 45 
-
0.39 
0.33 
0.35 
Wet 
1985 
Laboratory 
TNO 
0. 
1, 
1. 
0. 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
.79 
.14 
,33 
.67 
,64 
,08 
.56 
58 
.83 
.52 
.75 
.32 
.79 
DSM 
0. 
1. 
1. 
0. 
0. 
0. 
0 
0 
0, 
0 
0 
0. 
0, 
81 
08 
05 
,64 
60 
,04 
61 
50 
.82 
50 
74 
.31 
.73 
Dry 
1986 
TNO 
0.28 
0.45 
0.26 
0 16 
0.32 
-
0.22 
0 27 
0.12 
_* 
0.81 
1.21 
0.94 
0.62 
0.47 
-
0.66 
0.14 
0 37 
0.18 
1.03 
-
-
0.06 
0.44 
0.12 
0.10 
0 30 
0.04 
-
-
-
-
-
-
-
-
-
-
0 66 
0 63 
0.30 
0.81 
0.59 
0.62 
0.39 
0.75 
0 36 
0 87 
0.48 
0 43 
0.35 
N В. DSM - Dar es Salaam 
TNO - Werkgroep tand- en mondzlekten 
* — not functioning any more 
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The figures in Table 4.1 show very low levels of fluoride in both sources. 
Table 4.2 shows that sample no. 21, had a distinctly lower fluoride concen­
tration in 1985 (equal in both laboratories) than in both 1984 and 1986. No 
obvious reason for this difference is apparent. It could be possible that the 
samples were labelled incorrectly in any year and were therefore omitted in 
the calculations. There were no statistically significant differences found 
between the mean fluoride concentration in water samples taken in the two dry 
seasons (1984 and 1986), between those taken in the dry and wet season and 
between those analysed in the two laboratories (t-test, ρ < 0.05). The 
Pearson correlation coefficient between the three comparisons studied were 
high: r - 0.91 (dry-dry season); r - 0.91 (dry-wet) season; r - 0.96 (two 
laboratories). 
4.5 Discussion 
Results of the analyses indicated that the fluoride concentrations 
obtained were reliable. They further showed that a number of children had 
consumed water with a fluoride content in the range of the assumed optimum 
cariostatic effect for tropical countries in 1984 and 1986. However, the 
children had not been asked about the source they usually used to take water 
from. 
To be able to test the anticariogenic effect of fluoride at such levels in 
this study, the rural area was divided into two sub-areas; (1) a fluoridated 
one, based on an arbitrary chosen fluoride content of 0.5 ppm and more, and 
(2) a non-fluoridated sub-area with fluoride levels below 0.5 ppm. 
In Table 4.3 the fluoride content of the water sources in the resident 
villages of the children examined in 1984 and 1986 are presented. The 
villages which had on average a fluoride level of 0.5 ppm or more In 1984 and 
1986 were: Kipera, Mgudeni and Milama. The predominant water sources in these 
villages were shallow wells for which dates of completion were known. The two 
wells in Mgudeni were completed in December 1978, the wells in Milama between 
April 1979 and Juni 1981 and those of Kipera in April 1981. This meant that a 
number of Mgudeni children examined in 1984 might have consumed naturally 
fluoridated water for a period of 5 years, and that a number of children who 
were 7 years old in 1986 might have consumed fluoridated water from birth. 
The period in which children from the two other villages might have consumed 
fluoridated water is shorter (Table 4.3). 
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Table 4.3 Number of water sources by fluoride concentration (ppm) of eight villages in Morogoro District in 1984 and 
1986. 
ppm F 
Years of sampling 
0.00 • 
1984 
• 0.30 
1986 
0.31 • 
1984 
• 0.50 
1986 
0.51 • 
1984 
• 0.70 
1986 
0.71 • 
1984 
•1.00 
1986 
1.01 • 
1984 
•1.30 
1986 
Villages 
Total 
Total 
Fulwe 
Kipera 
Mgudeni 
Milama 
Mkundi 
Mgeta 
Kigugu 
Kiziwa 
1984 
1986 
5 3 - 2 - - 1 
1 - 1 1 1 1 2 
1 1 - - 2 2 
4 4 1 2 3 
1 1 - -
2 5 3 1 - -
3 3 1 - - -
5 2 - 1 1 1 1 
27 10 
14 10 
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CHAPTER 5 
RESULTS OF THE ANALYSES OF THE CROSS-SECTIONAL 
DENTAL DATA IN 1984 AND 1986 
5.1 Introduction 
This Chapter starts by outlining some of the constraints encountered in 
implementing this study and continues by describing the caries data at tooth 
and surface level for both 1984 and 1986 examinations cross-sectionally. Only 
the most important final results of the statistically significant parameter 
effects on the dental conditions studied will be presented in this Chapter. 
The final results of the remaining parameter effects appear in the appendi-
ces. The Chapter then goes on to describe the prevalence ratios for early 
enamel lesions and dentinal lesions. 
5.2 Constraints in implementing the study 
5.2.1 Sample size 
In 1984 the study had caused some unrest in a particular area of Morogoro 
District. In this area two schools, at a distance of some 10 km from each 
other, had been sampled. During the examination in the first school the 
rumour was spread that doctors had come to take blood from the school 
children. Fortunately, for the progress of the study, the rumour gained 
momentum only after the examinations were completed. However, it had a great 
impact on the examination in the second school, which was visited a week 
later. Here, all but a few pupils disappeared from the school premises on the 
arrival of the dental team and stayed away. That day only four children could 
be examined (not included in the sample). 
The belief that the dental team had come to take blood from children seems 
to have originated from a health campaign which had been held some years 
earlier. Then, doctors had been collecting blood samples from the villagers 
for research purposes. Besides this, the villagers' attitude can be explained 
by their belief that blood is at the centre of their physical and mental 
well-being and that taking blood from healthy people could only do harm. 
The refusal of the children in the second school to be examined affected 
the sampling procedure. Two additional schools had to be sampled to make up 
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the intended sample size. Furthermore, the two dental epidemiologists from 
the dental school in Nijragen had to return to The Netherlands, so that the 
examination at the reserve and additional selected schools was carried out by 
the author only. 
Two years later the idea that the examiners had come to take blood from 
children was still current in this particular area. When the team visited the 
first school in 1986, many of those examined in 1984 ran away and only a few 
7- and 8-year olds could be examined. Due to this occurence the number of 
drop-outs amongst longitudinally followed children became substantial in 
rural areas (7.1.2), of which half was accounted for by the "blood event". In 
general, the drop-outs were due to the following reasons: (a) families moving 
house (particularly in urban areas); (b) children going to school irregularly 
and (c) illness of the children. To keep the number of drop-outs as low as 
possible, it was decided to revisit all schools and to examine all those 
children who were absent during the first visit. These examinations were 
carried out by the author only, soon after his collegue-epidemiologists had 
had to leave for The Netherlands. 
5.2.2 Age determination 
During the short examination in 1985, in which two schools were visisted 
(see 2.5.3), it was noticed that the ages of some pupils in a school had been 
falsified in 1984. This was apparently done to give pupils older than 9 years 
a chance to get examined dentally as well. These falsifications made it 
necessary to check the age of all pupils who had been examined in 1984. The 
ages of the pupils examined were verified by a school inspector and the 
author, looking up their ages recorded in the school admission book. This 
resulted in correcting the ages of 47 per cent of the children examined. The 
corrections were made before the examination in 1986 commenced but, unfortun-
ately, they could not be incorporated in the publication reporting on the 
1984 observations. In the next paragraph the corrected ages have been used. 
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5.3 Results of the 1984 dental examination 
5.3.1 Background parameters 
In 1984 the background parameters considered were: age, area, socio-
economic status and sex. The distribution of children examined in relation to 
age with any of the three other parameters is presented below (Table 5.1). 
Table 5.1 Number of children examined by age, area, SES and sex in 1984. 
Age Total 
Area 
Urban 
Rural 
Rural F" 
SES 
Low 
Middle 
High 
Sex 
Males 
Females 
95 
35 
54 
77 
78 
29 
55 
129 
182 
86 
41 
107 
143 
59 
124 
185 
104 
96 
29 
95 
109 
32 
104 
125 
381 
217 
124 
279 
323 
120 
283 
439 
Total 184 309 229 722 
Rural F - naturally fluoridated rural area. 
Age is expressed in years, independent of the month of birth, as the 
latter could not be obtained from all children examined. In total 722 
children were examined: 381 in Morogoro town; 217 in rural Morogoro and 124 
in naturally fluoridated rural Morogoro. The number of children of the three 
ages shown in Table 5.1, were not distributed evenly according to area, SES 
and sex. So, for example, 8-year-old urban children were over represented and 
8-year olds living in naturally fluoridated rural areas were under represent-
ed. Such discrepancies have been taken into account in the presentation of 
the results: in case of two parameter effects on the dependant variable, the 
results of the one effect have been adjusted for the second effect. 
In total 279 children of low SES groups, 323 of middle SES groups and 120 
of high SES groups were examined. Compared to the low- and middle SES groups, 
the high SES group is low in number, particularly for 7- and 9-year olds. 
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Sixty-one percent of the children examined were females. The 7-year-old 
females and 9-year-old males were over represented according to their Total 
scores in the right-hand column and bottom line. The largest number of 
children examined by age were 8-year olds (309), followed by 9-year olds 
(229) and 7-year olds (184). 
In the tables, presented in this Chapter, the number of children examined 
will not be mentioned unless the numbers differ from the ones presented in 
Table 5.1. 
5.3.2 Caries prevalence in the deciduous dentition in 1984 
The mean number of deciduous teeth examined per child ranged from 11.1 at 
age 7 to 8.1 at age 9 (Table 5.2). There were no fillings found in these 
children. 
Table 5.2 Number of deciduous teeth examined per child by age in 1984. Mean 
(x) ± SD (standard deviation). 
Age 7 8 9 
χ SD χ SD χ SD 
Deciduous 11.1 3.5 9.9 3.6 8.1 4.3 
teeth 
The analysis of the caries data was carried out to test for age, sex, SES 
and area effects and interactions on the dt condition in upper jaw, lower jaw 
and total dentition (Appendix I.a). The analysis resulted in: 
age effects; 
area effects; 
no sex or SES effect; 
no interactions. 
On the basis of these results it was decided to present the final results of 
the caries observations in the deciduous dentition in relation to age and to 
area (age curves for mean dt scores in the upper and lower jaw are presented 
in Appendix II.a.).The age curve for the mean dt scores in the total denti­
tion by area is presented in Figure 5.1. The mean dt scores became lower with 
increasing age in urban areas. Children living in naturally fluoridated rural 
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areas had significantly lower mean dt scores than those living in urban areas 
(t-test, Bonferroni, α - 0.05). 
dt 
Χ 
22 
20-
18 
16 
14 
12 
10 
08 
06 
04 
02 
·--· U R B A N 
o—o R U R A L 
•—· R U R A L F-
I SEM 
, .--1-
AGE 
Figure 5.1 Age curve for mean dt scores in the total dentition by area in 7-
to 9-year olds examined in 1984. 
5.3.3 Caries prevalence at tooth level in the permanent dentition in 1984 
The mean number of permanent teeth examined per child ranged from 11.7 at 
age 7 to 15.2 at age 9 (Table 5.3). 
In order to find a suitable analysis procedure the prevalence of children 
having caries experience is described first (Table 5.4). There were no 
fillings found. Therefore, DM- instead of DMF scores, have been presented 
throughout the rest of this Chapter. The frequency of caries experience in 
the majority of teeth and segments of dentition was zero or near to zero and 
were not suitable for carrying out any analysis. It was decided therefore to 
study the parameter effects on D.T, Ο,Τ, D.MT and D.MT conditions in first 
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Table 5.3 Number of permanent teeth examined per child by age in 1984. Mean 
(x) ± SD (standard deviation). 
7 8 9 
χ SD χ SD χ SD 
Permanent 
teeth 
11.7 3.7 13.3 3.5 15.2 4.3 
molars, upper jaw, lower jaw and total dentition. Because of the low preva­
lence of the D.MT condition in upper Jaw, lower jaw and in the total dentit­
ion it was decided also to estimate the prevalence ratio and relate it to the 
four background parameters (- risk factors). The prevalence ratio for early 
enamel lesions could be estimated only for the anterior teeth because the 
prevalence of this dental condition in the other tooth types was either too 
high or too low (see 5.5). 
Table 5.4 Percentage of children with D.T, D,Tt MT, D.FT and D..MT scores 
> 0 by tooth type and segment of dentition in 1984. 
Tooth type, 
Segment of 
dentition 
1st Molars 
2nd Premolars 
1st Premolars 
Canines 
2nd Incisors 
1st Incisors 
Premolars 
Anterior teeth 
Upper jaw 
Lower jaw 
Total dentition 
D2T 
74 4 
1 
2 
0 
5 
4 
3 
7* 
57 X 
62 х 
75X 
D 3 T 
15х 
0 
0 
0 
0 
0 
0 
0 
5 х 
13х 
15х 
MT 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
D2MT 
77Х 
1 
2 
1 
5 
4 
3 
6 ;
χ 
69Χ 
78Х 
DjMT 
16Х 
0 
0 
0 
0 
0 
0 
0 
5*х 
із*
х 
16*Х 
- Comparison of parameters in terms of differences in levels 
* - Comparison of parameters in terms of prevalence ratio 
D Τ - early enamel lesions at tooth level 
D,T - dentinal lesions at tooth level 
M T - missing teeth 
D.MT - early enamel lesions, dentinal lesions and missing teeth 
D MT = dentinal lesions and missing teeth 
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Table 5.4 shows further that early enamel lesions (D.T) were observed in 
75 per cent of the children, with a slightly higher percentage of them having 
lower Jaws affected (62%) than upper Jaws (57X). Of the tooth types examined 
first molars were affected most frequently (74X). The prevalence of missing 
teeth was very low (11 of the children) and concerned first molars in lower 
jaws only. Caries (D.T) was observed only in the first molars with a higher 
prevalence in the lower (131) than in the upper jaws (5X) of these children. 
X 
2.8-
2 6 -
2 4 -
2 2 -
2 0 -
1 8 -
1 6 -
1 Λ-
1.2-
1 0 -
0 8 -
0 6 -
0 4 -
0 2 -
= — с D 2 Μ Τ 
- - · D 2 T 
'—'
 D 3 T 
I SEM 
Ϊ 
А---Л 
I 
v' У 
1 
Г -
1 
H" "" 
L L _ π 
•
L 
7 8 9 AGE 
* Mean scores adjusted for SES effect. 
Figure 5. II Age curves for mean D.T, D.T, D.MT and D,MT scores in the 
total dentition in 7- to 9-year olds examined in 1984. 
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The parameter effects on D T, D,T, D.MT and D.MT conditions in first 
molars, upper jaw, lower jaw and total dentition were subjected to ANOVA. 
These analyses demonstrated a number of age, area and SES effects and inter­
actions, but no sex effect. This result allowed a closer analysis to be car­
ried out, based on age, area and SES (Appendix l.b). On the basis of these 
results the following decisions were made concerning the presentation of the 
final results of the caries observations at tooth level: 
although an age effect was found for the D.MT-condition in the total 
dentition only, the mean scores of all dental conditions will be present­
ed. This is done to allow for comparing our results with others, as 
results of many dental epidemiological studies have been presented in 
relation to age (Fig. 5.II); 
the only area effect will be neglected; 
the area by SES interaction will be further analysed in relation to age 
and the results will be presented in mean D^T and Ο,,ΡΤ scores (Appendix 
II.b); 
D3MT — — A -
- - - • H I G H S E S 
» - - " M I D D L E S E S 
• — - L O W S E S 
I SEM 
i' 
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Β 1 
/ s 
Τ s 
τ У / 
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Figure 5. Ill Mean D.MT scores in the lower jaw (A) and the total dentition 
(B) according to the SES of 7- to 9-year olds examined in 1984. 
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the age by SES interaction will be presented in mean D.T and D,MT scores 
(Appendix II.c); 
the SES effect in the lower jaw and total dentition will be presented In 
mean D.MT scores in relation to age (Fig. 5. III). 
The age curves for the mean D,MT scores in the lower jaw (A) and the total 
dentition (B) by SES are presented in Figure 5. III. The mean D.MT scores in 
both lower jaw and total dentition for children belonging to the high SES 
group became higher with increasing age. Such a pattern was also observed in 
the lower jaw for the children of the low SES group. Furthermore, it was 
found that children belonging to the low SES group had significantly lower 
mean D.MT scores in both lower jaw and total dentition than those belonging 
to the middle and high SES group (t-test, Bonferroni, α - 0.05). 
The final presentation of the caries observations at tooth level concerns 
the mean D„T, D.T, D.MT and D.MT scores In the total dentition by age (Figure 
5. II). It shows: (a) that the highest mean scores in all conditions were 
found amongst 8-year olds, (b) that the mean D.T and D,MT scores were almost 
identical, and (c) that the mean D.T score was the main contributor to the 
mean D MT score in all ages. 
5.3.4 Caries prevalence at tooth surface level in the permanent dentition 
in 1984 
In 1984 the occlusal, pits and fissures (palatal and buccal), approximal 
and smooth (palatal, lingual, buccal) surfaces of the first molars only were 
examined clinically. The prevalence of caries experience amongst the children 
examined is presented in Table 5.5. It should be noted that caries in the 
approximal surfaces was scored without the use of X-rays. 
Table 5.5 shows that the prevalence of early enamel lesions in the 
children examined was highest in the occlusal surfaces (60X), followed by 
pits and fissures (41%), smooth surfaces (35Ϊ) and was lowest in the approxi­
mal surfaces (11X) of first molars. There were no differences observed 
between the prevalence of D.S and D.MS conditions for occlusal surfaces and 
pits and fissures, while the difference in prevalence between these condit­
ions for approximal and smooth surfaces was only 1 per cent. The prevalence 
of caries experience was highest in the occlusal surfaces (14X) followed by 
pits and fissures (5X) and was lowest in the approximal and smooth surfaces 
(3X) of the first molars in these children. 
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Table 5.5 Percentage of children with D.S, D..S, D„MS and D,MS scores > 0 by 
tooth surface types in first molars in 1984. 
Surface types D„S D.S D.MS OJHS 
Occlusal 60X 14 X 64 х 14 X 
χ χ Pits and fissures 41 5 44 5 
Арргохітлі 11 2 13 3 
Smooth 35^ 2 37^ 3_ 
Total 73X 15X 77 X 16X 
(first molars)* 
χ - Comparison of parameters in terms of differences in levels. 
* - Calculated on the basis of 6 surfaces per tooth. 
The analysis (ANOVA) of the dental observations was based on testing for 
parameter (age, area, SES and sex) effects on the D S, D S, D.MS and D,MS 
conditions for the distinguished tooth surface types of the first molars. The 
analysis could not be carried out for all surfaces examined, because of the 
very low prevalence of the conditions in a number of them (Table 5.5). The 
first analysis demonstrated a number of main effects, but no sex effect and 
interactions. This finding permitted a closer analysis based on age, area and 
SES (Appendix l.c). On the basis of the results of this analysis the follow­
ing decisions were made concerning the presentation of the final results of 
the caries observations at surface level: 
for reasons explained earlier on (see ρ 77) the mean D.S, D,S, D.MS and 
D,MS scores for the different tooth surface types will be presented by age 
(Table 5.6); 
the SES effect, and the interactions age by SES and age by area for the 
D,S and D.MS conditions will be presented in mean D S and D.MS scores 
(Appendix II.d); 
the area effects will be neglected. 
Table 5.6 shows that the mean D.S and D.MS scores for occlusal surfaces 
were higher than those for any other type of tooth surfaces in all ages. The 
mean D.S scores for smooth and total surfaces was significantly higher in 8-
than in 7-year olds (t-test, Scheffé, α - 0.05). Eight year olds had also 
significantly higher D.MS scores for occlusal surfaces than 7-year olds 
(t-test, Scheffé, α - 0.05). 
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Table 5.6 Mean D^S, D,S, D„MS and D.MS scores for the first molars by age 
in 1984. SD - standard deviation; SEM - Standard error of the 
Age 
D2S 
Occlusal 
Pits/fissures 
Smooth 
Total" 
D.MS 
Occlusal 
Pits/fissures 
Smooth 
Total" 
D3S 
Occlusal 
Total" 
D3MS 
Occlusal 
Total" 
X 
1.26 
0.68 
0.^0 
2.55 
1.43 
0.76 
0.62 
3.03 
0.17 
0.45 
0.17 
0.49 
SD 
1.41 
1.03 
0.97 
2.68 
1.52 
1.11 
1.22 
3.50 
0.63 
2.34 
0.64 
2.39 
SEM 
0.10 
0.08 
0.07 
0.20 
0.11 
0.08 
0.09 
0.26 
0.05 
0.17 
0.05 
0.18 
χ 
1.55 
0.77 
* °·?2 
3.27 
ι 
1.81 
0.87 
0.87 
3.73 
0.25 
0.42 
0.26 
0.46 
SD 
1.48 
1.05 
1.29 
2.98 
1.58 
1.11 
1.39 
3.48 
0.74 
1.51 
0.76 
1.17 
SEM 
0.08 
0.06 
0.07 
0.17 
0.09 
0.06 
0.08 
0.20 
0.04 
0.09 
0.04 
0.10 
χ 
1.27 
0.74 
0.71 
2.89 
1.51 
0.80 
0.77 
3.33 
0.23 
0.34 
0.24 
0.44 
SD 
1.34 
1.05 
1.16 
2.77 
1.48 
1.11 
1.26 
3.30 
0.55 
0.92 
0.59 
1.46 
SEM 
0.09 
0.07 
0.08 
0.18 
0.10 
0.07 
0.08 
0.22 
0.04 
0.06 
0.04 
0.10 
* - (t-test, Scheffé, α - 0.05) 
χ = Total score of occlusal + pits and fissures + smooth + approximal 
surfaces and thus calculated on the basis of 6 tooth surfaces. 
5.3.5 Hypocalcification and black stain observations in 1984 
As with the caries variables, hypocalcification and black stain were 
related to the parameters age, area, sex and SES. However the parameter 
"area" was defined differently for hypocalcification than for black stain. 
For hypocalcification "area" was divided into; urban, rural and naturally 
fluoridated rural areas. This division was based on the known presence of 
"optimal" levels of fluoride in drinking water of some of the villages (see 
4.5). For black stain "area" was divided into: urban and rural areas. The 
variables were dichotomised before the analysis (ANOVA), to test for parame­
ter effects on these variables, was performed. The effects are presented in 
Table 5.8. First, however, the frequency distribution of the hypocalcifi­
cation and black stain scores are presented (Table 5.7). 
80 
Table 5.7 Distribution (in percentages) of hypocalcification and black 
stain scores amongst the children examined in 1984. 
Score Ν X 
Hypocalcification 0 A99 69 
1 201 28 
2 22 3 
Black stain 0 395 55 
1 291 40 
2 29 4 
3 7 1 
The table shows that 69 per cent of the children had no hypocalcified 
teeth and that only 3 per cent of them had this condition in abundance. Black 
stain was present on the teeth in 45 per cent of the children examined, with 
only 1 per cent of them having it in abundance. 
Table 5.8 Test results (ANOVA) of age, area, sex and SES effects and 
interactions on hypocalcification and black stain in 7- to 9-year 
olds examined in 1984. 
Parameters 
Age Area Sex SES Interaction 
Hypocalcification - χ - -
Black stain χ - - χ 
The test revealed the following results: 
area effect for hypocalcification; 
age and SES effects for black stain. 
The area effect for hypocalcification revealed that significantly more hypo-
calcified teeth were found among children living in naturally fluoridated 
rural areas (38X) than among rural children (25X) (t-test, Bonferroni, α -
0.05). The age and SES effects for black stain are presented in Table 5.9. 
There were significantly more black stained teeth found among 9-year olds 
than 8- and 7-year olds (t-test, Bonferroni, α - 0.05). Children of middle 
SES classes had significantly fewer black stained teeth than those of low SES 
classes (t-test, Bonferroni, α - 0.05). 
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Table 5.9 Prevalence (in percentages) of children with black stain by age 
and by SES in 1984. 
Age SES 
7 8 9 Low Middle High 
Black stain 40 47 53 53 40 40 
5.4 Results of the 1986 dental examinations 
5.4.1 Background parameters 
In 1986 the background parameters considered were: age, area and sex. The 
background parameter SES, considered in 1984, was not assessed in 1986. The 
number of children examined by age, area and sex are presented in Table 5.10. 
Table 5.10 Number of children examined by age and area in 1986. 
Age 7 8 9 10 11 Total 
Area 
Urban 
Rural 
Rural F" 
Sex 
Males 
Females 
Total 122 204 135 221 151 833 
In total 833 children were examined: 420 in Morogoro town, 231 in rural 
Morogoro and 182 in naturally fluoridated rural Morogoro. According to the 
side totals the children were not evenly distributed by area and sex. The 10-
year-old urban children and 11-year-old rural children were also over repres-
ented, while 7-year-old urban children and 10-year-old children livingin 
naturally fluoridated rural areas were under represented. Such discrepancies 
will be taken into account in the presentation of the results: in case of two 
or more parameter effects on the dependant variable, the results of the one 
effect will be adjusted for the other. 
54 
34 
34 
44 
78 
99 
60 
45 
80 
124 
69 
25 
41 
40 
95 
128 
58 
35 
89 
132 
70 
54 
27 
65 
86 
420 
231 
182 
318 
515 
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Sixty two percent of the children examined were females. The 9-year-old 
females were over represented, while the 11-year-old females were under re­
presented. The unevenly distribution of children by area and sex is due to 
casual circumstances. 
5.4.2 Caries prevalence in the deciduous dentition in 1986 
The mean number of deciduous teeth examined in these children ranged from 
11.6 at age 7 to 2.5 at age 11 (Table 5.11). There were no fillings found. 
Table 5.11 Number of deciduous teeth examined by child and by age amongst 7-
to 11-year olds in 1986. Mean (x) ± SD (standard deviation). 
Age 7 
SD X 
8 
SD χ 
9 
SD χ 
10 
SD χ 
11 
SD 
Deciduous 
teeth 
11.6 3.2 10.3 3.3 6.0 4.4 4.0 4.2 2.5 3.5 
The analysis of the caries data was carried out for testing age, sex and 
area effects and interactions on the dt condition in upper jaw, lower jaw and 
total dentition (Appendix I.d). The analysis resulted in: 
age effects; 
area effects; 
no sex effect; 
no interactions. 
On the basis of these results it was decided to present the final results of 
the caries observations in the deciduous dentition in relation to age and 
area (age curves for mean dt scores in upper and lower jaw are presented in 
Appendix III.a). 
The age curve for the mean dt scores in the total dentition by area is 
presented in Figure 5.IV. The mean dt scores tended to become lower with 
increasing age in the rural area. In urban and naturally fluoridated rural 
areas the mean dt scores between age 7 and 8 were at about the same level and 
the downwards trend started at age 8. Children living in naturally fluoridat­
ed areas had significantly lower mean dt scores than those living in rural 
areas (t-test, Bonferroni, о - 0.05). 
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Figure 5 IV Age curve for mean dt scores in the total deciduous dentition 
by area in 7- to 11-year olds examined in 1986 
5 4 3 Caries prevalence at tooth level in the permanent dentition in 
1986 
The mean number of permanent teeth examined per child in this age group 
ranged from 11.5 at age 7 to 23.2 at age 11 (Table 5.12). 
The approach used to analyse the caries observations in 1986 was indenti-
cal to the one used for the 1984 observations. The prevalence of fillings was 
rero. The caries prevalence, expressed in terms of D„T, D.T, MT, D„MT and 
D,MT, by tooth type, partial dentition and total dentition in 7- to 11-year 
olds is presented in Table 5 13 
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Table 5.12 Number of permanent teeth examined per child by age in 1986. 
Mean (x) ± SD (Standard deviation) . 
Age 7 8 9 10 11 
X SD X SD χ SD χ SD χ SD 
^ 11.5 3.2 13.1 3.4 18.1 5.9 21.4 5.7 23.2 4.8 
teeth 
Table 5.13 reveals that more than half (53%) of the children examined 
exhibited early enamel lesions (D„T), with the first molars being more 
affected (43%) than any other tooth type. A greater proportion of early 
enamel lesions was found in the lower (41%) than in the upper jaws (35%). The 
prevalence of dentinal lesions (D,T) in these children hardly differed from 
that of caries experience (D,MT). Missing teeth (MT) were observed in the 
first molars of the lower jaw only (2% of the children). Caries was present 
in 26 per cent of the children examined and found predominantly in first 
molars (23%). The prevalence of caries was higher in the lower (24%) than in 
the upper jaw (10%). 
Table 5.13. Percentage of children D.T, D.T, MT, D.MT and D.MT scores > 0 by 
tooth type and segment of dentition in 1986. 
Tooth types, D Τ D T MT D MT D MT 
Segment of dentition 
2nd Molars 
1st Molars 
2nd Premolars 
1st Premolars 
Canines 
2nd Incisors 
1st Incisors 
Molars 
Premolars 
Anterior teeth 
Upper jaw 
Lower jaw 
Total dentition 
1 2
x 43 X 
1 
1 
2 
8 
9 
48 
2 
13* 
35х 
41 х 
53х 
5 х 
23х 
1 
0 
0 
0 
0 
25 
1 
1 
10х 
23 х 
26х 
0 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
2 
14х 
50Х 
2 
2 
2 
8 
9 
56 
3 
13 
39х 
51х 
59х 
5 х 
23х 
1 
0 
0 
1 
1 
26 
1 
1 
10*х 
24*х 
26*х 
- Comparison of parameters in terms of differences in levels 
* - Comparison of parameters in terms of prevalence ratio. 
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Table 5.13 shows further that the caries prevalence in premolars, canines 
and incisors was too low to be analysed. It was decided therefore, to study 
the parameter effects, using ANOVA, on D.T, D.T, D.MT and D,MT conditions in 
first and second molars, upper and lower jaw, and total dentition. 
Furthermore, it was decided to estimate the prevalence ratio and relate 
it to the 3 background parameters (— risk factors) because of the low preva­
lence of the D.MT condition in upper jaw, lower jaw and total dentition. The 
prevalence ratio will also be estimated for the D.T condition in anterior 
teeth. 
X 
2 6 -
2 4 -
2 2 -
2 0 -
1 8 -
1 6 -
1 4 -
1 2-
1 0 -
0 8 -
0 6 -
0 4 -
0 2 -
T , 
/ -
/ 
• 
IT 
/ 
/ 
/ 
V' 
Λ \ 
--""" 
• 
1 
---
"1 
τ 
τ 
JATI 
η—η D 2 M T ' 
. - - D 2 T • 
° O Dg Μ Τ 2 
'—'
 D 3 T 
1 SEM 
τ 
,— — —
 —
 ' 
>-T I 
LT i -I 
1 
10 11 AGE 
1 — mean scores adjusted for area effect 
2 - mean scores adjusted for sex effect 
Figure 5.V Age curves for the mean D„T, D.T, D.MT and D.MT scores in 7- to 
11-year olds examined in 1986. 
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The results of the the Analysis of Variance are presented in Appendix I.e. 
Based on these results the following decisions were made concerning the 
presentation of the final results of the caries observations at tooth level: 
the age effects will be presented in mean D„T, D,T, D.MT and D,MT scores 
for the total dentition (Fig. 5.V); 
the area effects will be presented in mean D.T and D.MT scores in 
relation to age (Appendix III.b+c); 
the sex effects will be presented in mean D,T and D,MT scores in relation 
to age (Table 5.14); 
the age by area interaction will be neglected. 
The age curves of the mean Ο,Τ, D,T, D„MT and D.MT scores are presented in 
Figure 5.V. It shows that the D.T and D.MT age curves tended to increase with 
increasing age. This upwards trend was also observed for the mean D,T and 
D.MT age curves, but only up to age 10. Between age 10 and 11 the mean D Τ 
and D.MT scores remained at about the same level. The mean D.T scores were 
the main contributor to the mean D.MT scores in all ages, while the mean D.T 
and D.MT scores were almost identical. 
5.4,4 Caries prevalence at tooth surface level in the permanent dentition 
in 1986 
In contrast to the caries observations at tooth surface level in 1984, 
full mouth recording was performed according to the reduced count method in 
1986 (see 2.5.3.1). The tooth surfaces were subdivided into occlusal, pits 
and fissures (palatal and buccal), approximal and smooth (palatal, lingual, 
buccal) surfaces. If not mentioned otherwise the total caries score per tooth 
type, partial and total dentition is based on 5 surfaces in the posterior 
segments and on 4 surfaces in the anterior segments. The approach towards 
analysing the caries data at tooth surface level is like the one used at 
tooth level. 
The caries prevalence, expressed in terms of D.S, D.S, D.MS and D..MS by 
tooth surface types for different tooth types and segments of dentition, are 
presented in Table 5.15. The table reveals that the prevalence of early 
enamel lesions (D„S) was higher in the molars (51X), with occlusal surfaces 
contributing most, than in the anterior teeth (13X) and the premolars (21) of 
these children. The prevalence of early enamel lesions in the surface types 
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Table 5.1 
Age 
V 
4 Mean D3T and DjMT scores in first and second molars, upper 
to Η-year olds examined in 1986. SD - standard deviation; 
7 8 
χ SD SEM χ SD SEM χ 
and lower jaw and total dentition by sex in 9-
SEM - standard error of the mean. 
9 10 11 
SD SEM χ SD SEM X SD SEM 
Oral part 
2nd Molars 
1st Molars 
Upper jaw 
Lower jaw 
Total dentition 
D3MT 
2nd Molars 
1st Molars 
Upper jaw 
Lower jaw 
Total dentition 
Sex 
Males ^ 
Females 
Males 
Females 
Males 
Females 
Males
 л 
Females 
Males 
Females 
Males
 4 
Females 
Males 
Females 
Males 
Females 
Males
 + 
Females 
Males ^ 
Females 
0.00 
0.00 
0.18 
0.29 
0.09 
0.09 
0.09 
0.21 
0.18 
0.29 
0.00 
0.00 
0.18 
0.29 
0.09 
0.09 
0.09 
0.21 
0.18 
0.29 
0.00 
0.00 
0.50 
0.77 
0.36 
0.29 
0.29 
0.54 
0.50 
0.77 
0.00 
0.00 
0.50 
0.77 
0.36 
0.29 
0.29 
0.54 
0.50 
0.77 
0.00 
0.00 
0.08 
0.09 
0.06 
0.03 
0.04 
0.06 
0.08 
0.09 
0.00 
0.00 
0.07 
0.09 
0.05 
0.03 
0.04 
0.06 
0.07 
0.09 
0.00 
0.00 
0.41 
0.31 
0.13 
0.04 
0.30 
0.29 
0.43 
0.33 
0.00 
0.00 
0.43 
0.31 
0.13 
0.04 
0.31 
0.29 
0.44 
0.33 
0.00 
0.00 
0.84 
0.65 
0.40 
0.20 
0.62 
0,66 
0.85 
0.74 
0.00 
0.00 
0.85 
0.65 
0.40 
0.20 
0.65 
0.66 
0.88 
0.74 
0.00 
0.00 
0.10 
0.06 
0.05 
0.02 
0.07 
0.06 
0.10 
0.07 
0.00 
0.00 
0.10 
0.06 
0.05 
0.02 
0.07 
0.06 
0.10 
0.07 
0.00 
0.14 
0.40 
0.43 
0.13 
0.24 
0.28 
0.39 
0.40 
0.63 
0.00 
0.14 
0.40 
0.44 
0.13 
0.24 
0.28 
0.40 
0.40 
0.64 
0.00 
0.56 
0.87 
0.93 
0.40 
0.74 
0.55 
0.75 
0.87 
1.35 
0.00 
0.56 
0.87 
0.93 
0.40 
0.74 
0.55 
0.75 
0.87 
1.35 
0.00 
0.06 
0.14 
0.10 
0.06 
0.08 
0.09 
0.08 
0.14 
0.14 
0.00 
0.06 
0.13 
0.10 
0.06 
0.08 
0.08 
0.08 
0.13 
0.14 
0.06 
0.14 
0.38 
0.47 
0.09 
0.18 
0.38 
0.46 
0.47 
0.64 
0.05 
0.14 
0.42 
0.53 
0.11 
0.20 
0.39 
0.51 
0.51 
0.70 
0.28 
0.44 
0.79 
0.86 
0.32 
0.52 
0.76 
0.82 
0.95 
1.09 
0.27 
0.44 
0.88 
0.96 
0.49 
0.53 
0.79 
0.88 
1.08 
1.18 
0.03 
0.04 
0.08 
0.07 
0.03 
0.05 
0.08 
0.07 
0.10 
0.10 
0.03 
0.04 
0.09 
0.08 
0.05 
0.05 
0.08 
0.08 
0.11 
0.10 
0.08 
0.24 
0.28 
0.36 
0.15 
0.14 
0.22 
0.51 
0.37 
0.65 
0.08 
0.24 
0.35 
0.42 
0.15 
0.14 
0.29 
0.57 
0.45 
0.71 
0.32 
0.59 
0.63 
0.73 
0.51 
0.38 
0.52 
0.79 
0.80 
0.98 
0.32 
0.59 
0.82 
0.88 
0.51 
0.38 
0.65 
0.86 
0.98 
1.05 
0.04 
0.06 
0.08 
0.08 
0.06 
0.04 
0.06 
0.08 
0.10 
0.10 
0.04 
0.06 
0.10 
0.09 
0.06 
0.04 
0.08 
0.09 
0.12 
0.11 
* significantly (t-test, ρ < 0.05). Mean scores are adjusted for age effects. 
Females had significantly higher mean D,T and D.MT scores in second molars and lower jaw than males 
The mean D,MT scores in the total dentition was also significantly higher for females than males 
distinghuished, not counting smooth surfaces, was higher in the lower (44X) 
than the upper jaws (36X). Overall, the prevalence of early enamel lesions 
was higher in occlusal (381), than in smooth surfaces (27Ï), pits and 
fissures (15X) and approximal surfaces (11X) of the childrens' dentitions. 
The difference in prevalence between dentinal lesions (D,S) and dental 
experience (D.MS) for the different tooth surface types was minimal in this 
age group. The prevalence of dentinal lesions was higher in molars (25X), 
with occlusal surfaces contributing most, than in both premolars and anterior 
teeth (IX of the children). The prevalence of dentinal lesions in the 
distinguished surfaces, but the smooth surfaces, was higher in the lower 
Table 5.15 Percentage of children with O.S, D.S, D-MS and D-MS scores > 0 by 
tooth surface types for different segments of the dentition in 
1986. 
Segments of 
dentition 
Surfaces D2S D3S D2MS D3MS 
Molars 
Premolars 
Anterior 
teeth 
Upper jaw 
Lower jaw 
Total 
dentition 
Occlusal 
Pits and fissures 
Approximal 
Smooth 
Total * 
Occlusal 
Approximal 
Total 
Approximal 
Smooth 
Total 
Occlusal 
Pits and fissures 
Approximal 
Smooth 
Total * 
Occlusal 
Pits and fissures 
Approximal 
Smooth 
Total * 
Occlusal 
Approximal 
Smooth 
Total 
Total * 
38 
15 
7 
22 
51 
2 
0 
2 
5 
11 
13 
22 
5 
5 
20 
36 
31 
12 
8 
16 
44 
38 
11 
27 
53 
54 
22 
6 
3 
3 
25 
1 
1 
1 
1 
0 
1 
8 
2 
2 
2 
10 
20 
5 
3 
2 
23 
22 
4 
3 
26 
26 
45 
19 
11 
24 
56 
2 
1 
3 
5 
11 
13 
26 
7 
7 
21 
39 
41 
16 
11 
18 
51 
45 
15 
30 
58 
59 
23 
β 
5 
5 
26 
1 
1 
1 
1 
0 
1 
8 
2 
2 
2 
10 
21 
7 
4 
3 
24 
23 
6 
5 
26 
26 
* based on 6 surfaces in molars. 
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(23X) than in the upper jaws (10X). Overall, the prevalence of dentinal 
lesions was higher in occlusal surfaces (22X), than in pits and fissures (6X) 
approximal (4X) and smooth surfaces (3X) of the childrens' dentitions. 
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Figure 5.VI Age curves for the mean D.S, D^S, D.MS and D.MS scores in 7- to 
11-year olds examined in 1986. 
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D„S, DS, D.MS and D.MS conditions in different parts of the dentition was 
carried out generally for those parts showing a prevalence of more than 10 
per cent. To carry out the analyses for oral parts with a prevalence lower 
than 10 per cent is not meaningful. The results of the analyses are presented 
in Appendix I.f+g. 
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Based on these results the following decisions were made concerning the 
presentation of the final results of the caries observations at surface 
level: 
the age effects will be presented in mean D^S, D.S, D MS and D,MS scores 
for the total dentition (Fig. 5.VI); 
age, area and sex effects will be presented in mean D„S and D^MS scores 
(Appendix III.d+e+f); 
the age by area interactions will be presented in mean D,S and D.MS 
scores (Appendix III.g+h); 
the sex effect will be presented in mean D,S and D.MS scores for the 
total dentition in relation to age (Fig. 5.VII). 
The age curves for the mean 0,3, D-,S, D.MS and D.MS scores are presented 
in Figure 5.VI. The mean D^S, D.MS and D,MS scores became higher with 
increasing age. This trend was also observed for the mean D.S scores, but 
only up to age 9. At older age the mean D.S scores became lower. Up to age 9 
the mean D S and D.MS scores were identical. 
The age curves for the mean D.S and D.MS scores for males (A) and females 
(B) are presented in Figure 5.VII. With exception of age 8, the mean D.S and 
D,MS scores by age were higher for females than males. Overall, females had 
significantly higher mean D.S and D.MS scores than males (t-test, ρ < 0.05). 
5.4.5 Hypocalcification and black stain observations in 1986 
In 1986 hypocalcificatlon and black stain were related to the parameters 
age, area and sex. As in 1984, the parameter "area" was divided into urban, 
rural and naturally fluoridated rural areas for the analysis of hypocalci­
ficatlon, while for the analysis of black stain "area" was divided into urban 
and rural areas. The two variables were dichotomised before the analyses 
(ANOVA) was carried out. The results of these analyses are presented in Table 
5.17 and the frequency distribution of hypocalcificatlon and black stain in 
the children examined in Table 5.16. The table shows that 78 per cent of the 
children had no hypocalcifled teeth and that only 2 per cent of them had this 
condition very severely and in abundance. Black stain was present in 51 per 
cent of the children examined, with none having it severely. 
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Table 5.16 Distribution (in percentages) of hypocalcification and black 
stain scores among the children examined in 1966. N - number of 
children. 
Score N I 
Hypocalcification 0 648 78 
1 170 20 
2 15 2 
Black stain 0 407 49 
1 361 43 
2 64 8 
3 1 
Table 5.17 Test results (ANOVA) of age, area and sex effects and inter­
actions on hypocalcification and black stain in 7- to 11-year 
olds examined in 1986. 
Parameters 
Age Area Sex Interaction 
Hypocalcification χ xx -
Black stain xx 
The test revealed the following results: 
area effects for hypocalcification and black stain; 
age effect for hypocalcification. 
The area effect for black stain demonstrated that significantly more black 
stain was found among rural (30%) than urban (21%) children (p < 0.05). The 
area effect for hypocalcification demonstrated that significantly more 
hypocalcified teeth were found among children living in naturally fluoridated 
rural areas (32%) than among rural children (21%) (t-test, Bonferroni, о -
0.05). The age effect for hypocalcification is shown in Table 5.18. The 
proportion of children having hypocalcified teeth was lower amongst 7- and 9-
year olds than amongst 8-, 10- and 11-year old children. 
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Table 5.18 Prevalence (in percentages) of children with hypocalcificatlon by 
age in 1986. 
Age 7 8 9 10 11 
Hypocalcificatlon (X) 15 27 16 23 25 
5.4.6 Conclusion 
The findings of the two cross-sectional studies (1984 and 1986) have led 
to the following conclusions: 
The prevalence of early enamel lesions among the children examined was 
substantial (> 50%) and was found more frequently on occlusal than other 
tooth surfaces; 
The prevalence of dentinal lesions among the children examined was low 
and was found predominantly on occlusal surfaces of first molars; 
Lower jaws were found to be more affected with caries than upper jaws; 
The prevalence of missing teeth was very low and no fillings were found 
in the study group; 
The caries scores showed a tendency to increase with increasing age; 
The parameter SES was found to be the most important factor in the 
development of caries in this study group; 
The highest caries scores were found in children belonging to high SES 
groups and living in urban areas; 
Girls were found to have higher caries scores than boys; 
The prevalence of severe form of hypocalcificatlon and/or black stain 
among the children examined was very low. 
5.5 Prevalence ratio for developing early enamel lesions and carles in 
1984 and 1986 
To estimate the prevalence ratio (PR) for developing early enamel lesions 
among the child population examined was feasible only for the anterior teeth, 
as the prevalence of this condition for the other oral parts was either too 
low or too high. The prevalence ratio for developing caries among the child 
population could be estimated for the upper jaw, lower jaw and total denti-
tion. The percentage distribution of early enamel lesions and caries for the 
selected oral parts are presented in Table 5.19. 
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Table 5.19 Percentage distribution of early enamel lesions in anterior 
teeth, and of caries in upper jaw, lower jaw and total dentition 
among the children examined in 1984 and 1986. 
1984 1986 
7-9 yr 7-11 yr 
Early enamel lesions - Anterior teeth 7 13 
Caries - Upper jaw 5 10 
- Lower jaw 13 24 
- Total dentition 16 26 
The etiological factors tested for association with the prevalence of early 
enamel lesions and caries were age, area, SES (in 1984 only) and sex. The 
test results (logistic regression) for the selected oral parts are presented 
in Table 5.20. 
Table 5.20 Test results (logistic regression) of age, area, SES and sex 
effects as etiologic factors and interaction on early enamel 
lesions in anterior teeth and on caries in upper jaw, lower jaw 
and total dentition in 1984 and 1986. 
Age Area SES Sex Interaction 
Early enamel lesions 
1984 Anterior teeth . . . . 
1986 Anterior teeth - χ - -
Caries 
1984 Upper jaw - - - -
Lower jaw - - χ -
Total dentition - - χ -
1986 Upper jaw - -
Lower jaw χ χ χ 
Total dentition χ - -
significant level: 
χ - ρ < 0.05 
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Logistic regression analysis revealed the following significant associa-
tions : 
an area effect for early enamel lesions in anterior teeth in 1986; 
a SES effect for caries in the lower jaw and total dentition in 1984; 
an age, area and sex effect for caries in the lower jaw in 1986; 
an age effect for caries in the total dentition in 1986; 
no effects in the anterior teeth in 1984; 
no effects in the upper jaw; 
no interactions. 
5.5.1 Specification of the significant associations 
The prevalence ratios for developing early enamel lesions in anterior 
teeth and for caries in lower jaw and total dentition in relation to age, 
area, SES and sex are presented in Tables 5.21 to 5.23. 
Table 5.21 Prevalence ratios (PR) for developing early enamel lesions in 
anterior teeth in relation to area in 1986. CL - 95X confidence 
limits. 
Early enamel lesion Anterior teeth 
PR CL 
Area 
rural <-> urban 1.78 1.13-2.80 
Table 5.22 Prevalence ratios (PR) for developing caries in lower jaw and 
total dentition in relation to SES in 1984. CL - 95X confidence 
limits. 
Caries 
1984 
SES: 
middle <-> low 
high <-> low 
Lower 
PR 
2.00 
2.54 
Jaw 
CL 
1.18 - 3.40 
1.36 - 4.73 
Total 
PR 
1.76 
2.41 
dentition 
CL 
1.08 - 2.85 
1.36 - 4.27 
96 
Table 5.23 Prevalence ratios (PR) for developing caries in lower jaw and 
total dentition in relation to age, area, and sex in 1986. CL — 
95X confidence limits. 
Caries Lower jaw Total dentition 
PR CL PR CL 
1986 
Age: 
9- year olds<->7- year olds 
10- year olds<->7- year olds 
11- year oldsc->7- year olds 
Area: 
Fluoridated rural<->urban 
Fluoridated rural<->rural 
Sex: 
Girls<->boys 1.44 1.01 - 2.06 
2 . 6 6 
2 . 7 4 
2 . 8 8 
0 . 5 3 
0 . 5 4 
1 . 2 2 
1 . 4 3 • 
1 . 4 4 • 
0 . 3 1 • 
0 . 3 0 • 
• 5 . 8 1 
• 5 . 2 4 
• 5 . 7 5 
• 0 . 8 9 
• 0 . 9 6 
2 . 1 5 
2 . 1 5 
1 . 2 1 • 
1 . 1 7 • 
• 3 . 8 2 
• 3 . 9 5 
The results of Tables 5.21 to 5.23 have led to the following associations: 
children living in rural areas are almost twice as likely to develop early 
enamel lesions in the anterior teeth as those living in urban areas; 
children belonging to the high SES group have a chance approximately 2.5 
times greater to develop caries in the lower jaw and total dentition as 
those belonging to the low SES group; 
children belonging to the middle SES group are twice as likely to develop 
caries in the lower jaw and 1.76 times as likely in the total dentition as 
children belonging to the low SES group; 
children aged 9- to 11-years are more than 2.5 times as likely to develop 
caries in the lower jaw and more than 2 times as likely to develop caries 
in the total dentition as 7- year olds; 
children living in naturally fluoridated rural areas are half as likely to 
develop caries in the lower jaw as those living in both urban and rural 
areas; 
girls are 1.44 times as likely to develop caries in the lower jaw as boys. 
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5.5.2 Conclusion 
The estimates of the prevalence ratios for developing caries in the total 
dentition of these children revealed the following exposures as risk factors: 
socio-economic status (with a greater chance for children in high- and middle 
SES groups); and age (with a greater chance for older children). Besides 
these two factors, two additional risk factors were identified for the lower 
jaw only. These were: sex (with girls having a greater chance); and area 
(with naturally fluoridated rural areas having a greater chance for caries 
reduction (— protecting factor)). 
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CHAPTER 6 
IS CARIES INCREASING? 
RESULTS OF AGE-PERIOD-COHORT ANALYSES 
6.1 Introduction 
One of the main purposes of carrying out this study was to investigate 
whether the prevalence of caries is increasing in Tanzania: in other words, 
whether cohort effects can be demonstrated. This purpose was derived from one 
of the results of the National Dental Health Surveys , which showed that the 
caries prevalence in the 0-9-year urban age group was higher than that In the 
adjacent older 10-14-year age group (see 1.4). To be able to study this 
phenomenon a mixed-longitudinal study design was chosen, which provided a 
structure within which one may reasonably approach isolation of the contribu-
tion of Age, Period and Cohort effects to developmental data, using the APC-
analysis. In the present study the analysis was therefore initially applied 
to the 1984 and 1986 caries experience results in urban as well as rural 
children. The caries experience, expressed in mean D,MT scores, was calculat-
ed for the total dentition, excluding second molars. This tooth type had to 
be excluded, since it was not scored in 1984, while a number of them were 
found to be decayed at age 9 in 1986. This indicated that second molars could 
also have been decayed at age 9 in 1984. Keeping these teeth in would mean 
that the APC-analyses would be carried out on incomparable data. 
6.2 Methods 
The mean D,MT scores for urban and rural children, and for children living 
in naturally fluoridated rural areas are presented in Table 6.1. The table 
shows that the differences in mean D,MT scores in the 7- to 9-year olds 
between 1984 and 1986 are overruled by the standard errors, implying that the 
APC-analysis could not be applied to the results of the caries experience in 
such a high degree of detail. The analysis may only be carried out on the 
results of the caries experience of all children examined. Furthermore, it 
was decided to include the early enamel lesions, expressed in mean D.T 
scores, in an APC analysis. The mean D.MT and D-T scores for all children 
examined in 1984 and 1986 are presented in Table 6.2. 
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Table 6.1 Mean D-MT scores (2nd molars excluded) per child by age and area 
in 1984 and 1986. SEM - standard error of the mean. 
Age 
Urban 
1984 
1986 
Rural 
1984 
1986 
Rural F" 
1984 
1986 
7 
χ 
0.22 
0.13 
0.43 
0.41 
0.02 
0.29 
SEM 
0.07 
0.07 
0.18 
0.14 
0.02 
0.14 
β 
χ 
0.34 
0.42 
0.30 
0.30 
0.20 
0.33 
SEM 
0.06 
0.08 
0.09 
0.10 
0.09 
0.12 
9 
χ 
0.38 
0.54 
0.19 
0.84 
0.17 
0.10 
SEM 
0.07 
0.10 
0.05 
0.27 
0.12 
0.07 
10 
χ SEM 
0.56 0.07 
0.43 0.10 
0.46 0.14 
0, 
0 
0, 
11 
χ SEM 
.60 0.40 
.30 0.11 
.22 0.16 
Table 6.2 Mean D T and D,MT scores for the total dentition (2nd molars 
excluded) by age in 1984 and 1986. SEM - standard error of the 
Age 
mean. 
7 
χ SEM 
8 
X SEM 
9 
i SEM 
10 
χ SEM 
11 
χ 
SEM 
D T 
1984 
1986 
D^MT 
1984 
1986 
1.75 
0.91 
0.21 
0.27 
0.12 
0.14 
0.06 
0.08 
2.12 
1.13 
0.31 
0.37 
0.10 
0.11 
0.04 
0.06 
2.10 
1.19 
0.27 
0.48 
0.11 
0.14 
0.05 
0.08 
1.20 
0.51 
0.11 
0.06 
1.10 0.13 
0.42 0.07 
All scores adjusted for area and sex. 
6.3 APC-analvsis for caries experience 
The APC-analysis is meant to separate the effects of the three components 
Age, Period and Cohort. However for confirmation and/or adjustment, external 
information must always be studied and compared to the observations obtained. 
In case of unexpected results the discrepancy between observations and 
external information must be the basis for discussion. In the present study 
the external information consists of conclusions from earlier observations 
regarding the development of carious lesions with age. 
The mean D..MT scores by age, birth cohorts (75-76-77-78-79) and periods 
(84-86) from Table 6.2 are plotted in Figure 6.1. The age curves of the 
different cohorts do not coincide. This means that either a cohort, or a 
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Figure 6 .1 Mean D.MT s c o r e s by age, c o h o r t s (75-76-77-78-79) and p e r i o d s 
( 8 4 - 8 6 ) . 
D3MT 
X 
0 8 -
0 6 -
0 Í-
0 2 -
7 8 9 10 11 AGE 
Figure 6.II Age curve for D.MT after correction for cohort effect, concen-
trated on cohort 1977. Original age curves for cohort 1975 and 
1976 are denoted by: 75/76. 
• PERIOD 1984 
0 PERIOD 1986 
С 79 COHORT 1979 
1 SEM 
• PERIOD 1984 
0 PERIOD 1986 
С 79 COHORT 1979 
1 SEM 
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period effect or both are present. Firstly, assume there is a cohort effect. 
Without loss of generality cohort 77 is taken as a reference. A cohort effect 
is estimated by moving cohort 75 upwards until it coincides with cohort 77, 
the same for cohorts 76, 78 and 79. So an age curve (for cohort 77) is formed 
(Figure 6. II). Secondly, assume there is a period effect. The 1984 period is 
used as a reference and the data of 1986 have been shifted in order to 
coincide best with the 1984 data (Figure 6.III). 
D 3 M T 
• PERIOD 19Θ4 
о PERIOD 19Θ6 
X · PERIOD 19Θ6 AFTER CORRECTION 
1 1 1 1 1 
7 8 9 10 11 AGE 
Figure 6.Ill Age curve for D,MT after correction for period effect at time 
1984. 
Comparing both results: the assumption of cohort effects leads to a quite 
acceptable age curve (Fig. 6.II), while by assuming a period effect a non-
interpretable age curve (Fig. 6.Ill) is obtained, since a decrease by age is 
found between the ages 10-11 years. This means that we most probably have to 
deal with a cohort effect and that period-effects are probably not present in 
the caries observations. The analysis may be continued being an Age-Cohort-
s tudy. 
The next step in the analysis is to estimate the cohort effects and to 
test the hypothesis on the existence of a cohort effect. For this purpose the 
cohort effects are assumed to be part of a slowly developing process over 
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several years, which in first approximation may be linear with time. If again 
the cohort effect of cohort 1977 is arbitrarily set to zero (without loss of 
generality) it follows from the assumption of linearity (using slope - с per 
year), that cohort effect 75 - -2c, cohort effect 76 - -c, cohort effect 77 -
0, cohort effect 78 - +c and cohort effect 79 - + 2c. No assumptions are made 
about the age effects. The age effects for the age of 7 years is denoted by 
A-, for 8 year old children by A. and so on up to A1 - . Taking into account 
the mixed-longitudinal design, the mean values for the subgroups in different 
periods of measurement (having a period-effect - 0) are given in figure 6.IV. 
This figure shows that the measurements at the ages 10 and 11 years do not 
contribute to the estimation of the cohort effect, since A... and Α.. are 
unknown and appear only once in the scheme. The measurements at the other 
ages are suitable for the estimation of the cohort effects, according to 
Table 6.3. 
Age Age 
effects (years) 
11-1 --••-•.A11-2c 
Α,Ο
 1 0
-| 
9 -
Ag 8 
7-
Vio-c 
\ ¡ А с - г с 
'··.. ;A n -c 
'•.A, 
Period -1984 
Period -1986 
• . A e + c 
• A 7 + 2 c 
75 76 77 78 79 
(-2c) (-c) 0 (c) (2c) 
Cohort (birthyear) 
Cohort effect 
Figure 6.IV Graphic representation of the mixed-longitudinal design and the 
symbolic notation for the mean values of the dif ferent subgroups 
according to l inear cohort effects addit ive with the age 
ef fects . 
103 
Table 6.3. Estimation of cohort effect (c) ± SE (standard error). 
Comparison 
Coh/Age/Per - Coh/Age/Per Expression Values 
7 7 / 9 / 8 6 - 7 5 / 9 /84 A 9 -(A 9 -2c) -2c 0 .27±0.08-0.21±0.06 - 0.06±0.10 
7 8 / 8 / 8 6 - 7 6 / 8 /84 A 8 + c - ( A g - c ) - 2 c 0 .3710.06-0.31±0.04 - 0.0610.07 
7 9 / 7 / 8 6 - 7 7 / 7 /84 A7+2c-A7 -2c 0 .48+0.08-0.2710.05 - 0.2110.09 
T o t a l 6c - 0.3310.15 
The cohort effect с is estimated being 0.3310.15 - 0.05510.025. 
6 
The corresponding t - value - 0.55 - 2.1, which is significant at level 
0.025 
α - 0.05. 
Note that if taken strictly the calculation of the final standard error 
(0.025) is not completely correct, since the subgroups 77/9/86 and 77/7/84 
partly include the same children. This dependency in the data is only present 
for a very small part of the observations and is therefore neglected. 
Introduction of this dependancy in the calculations (paired observations) 
would lead to a slighly smaller value for the standard error, which leaves 
the conclusions as they are. 
The conclusion of this APC-analysis may be that a cohort (- generation) 
effect is most likely and that its value has to be estimated as 0.055 
cavities per birth year, which is significantly different from zero. 
6.4 APC-analvsis for early enamel lesions 
The mean D.T scores by age, birth cohorts (75-76-77-78-79) periods (84-86) 
from Table 6.2 are plotted in Figure 6.V. The age curves of the different 
cohorts do not coincide. This means that either a cohort, or a period effect 
or both are present. Firstly, assume there is a cohort effect. Without loss 
of generality cohort 77 is taken as a standard. A cohort effect is estimated 
by moving cohort 75 downwards until it is connected to cohort 77; and so on 
for other cohorts. The resulting age curve is given in (Figure 6.VI). 
Secondly, assume there is a period effect in 1986. Taking the 1984 period as 
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a reference an age curve as shown in Figure 6.VII arises. The age curve was 
formed by subtracting the average (0.91 ± SEM) of the differences in mean D.T 
scores for 7- to 9-year olds from the corresponding mean D^T scores obtained 
in 1986. 
D 2T 
X 
2 4 
2 0 -
1 6 
1 2 
0 8 
0 U 
Τ f Г Г I 
7 8 9 10 11 AGE 
Figure 6.V Mean D.T scores by age, cohorts (75-76-77-78-79) and periods (84-
86). 
The most striking features of the age curves obtained after correction for 
cohort effects, is the discrepancy between development of dentinal lesions 
(D,, Fig. 6.II) and enamel lesions (D-, Fig. 6.VI): the number of D, goes up 
steadily with age, whereas D. decreases steadily with age. The steady 
increase in number of the irreversible dentinal lesions is in accordance with 
well-founded epidemiological evidence from many studies. It fits into the 
general concept that for a type of lesion which cannot heal but only pro­
gress, the number cannot but increase with age. The main reason why the 
contrary phenomenon with respect to enamel (D.) lesions seems strange at 
first sight is that in analogy with dentinal lesions one is inclined to 
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Figure 6.VI Age curve for D9T after correction for cohort effect, concen­
trated on cohort 1977. 
D 2 T 
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2 0 
16 
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І 
î î 
• PERIOD 1984 
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Figure 6.VII Age curve for D_T after correction for period effect, concen-
trated at time 1984. 
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assume that numbers of enamel lesions should also increase. As a matter of 
fact, very few longitudinal epidemiological data on enamel caries have ever 
been analysed thoroughly. The external knowledge available, however, reveals 
several facts which allow the present findings to appear less contradictory 
than they may seem at first sight: 
(small) enamel lesions are demineralized areas of high porosity (25-40 in 
place of normally 10 volume percent pores) and can in principle become 
remineralized; 
it has been demonstrated experimentally that enamel lesions in fact 
2 
remineralize, especially when fluoride ions are available ; 
thorough analysis of longitudinal epidemiologic data in the framework of 
the Tiel-Culemburg fluoride study has shown that the number of enamel 
lesions (D ) is decreasing as time goes on. 
Uhen a longitudinal epidemiologic study at the second examination reveals 
lower numbers of enamel lesions than at the first, the following possibili-
ties must be considered: 
1. Uhen enamel lesions have progressed to dentinal lesions, they cease to 
fall into the previous category, unless cumulative caries data are 
presented (which is a matter of definition, but can never give rise to 
doubt as to the reason of the decrease). 
2. There was a "real decrease" caused by remineraltion and disappearance of 
2 3 the white spots. ' 
3. There was an artificial decrease of numbers of enamel lesions due to 
uncertainty of diagnosis ("reversals"). 
4. There was an artificial decrease of numbers of enamel lesions due to an 
"examiner shift", i.e. change in diagnostic criteria because of inexper-
ience and lack of calibration. 
The meaning and relationship of possibilities 2, 3 and 4 requires some 
further discussion. For 3 and 4, one might be inclined to think they are both 
nearly identical. However, whilst 4 is due to different application of the 
diagnostic criteria at different times, possibility 3 has been identified by 
Marthaler in 1961 as a logical consequence of slow progress of lesions, due 
to weak cariogenic challenge and/or inhibition of progress of effective 
caries-inhibitory agents. Marthaler analysed this situation after publica-
tion of the first follow-up studies with preventive fluoride dentifrice 
formulas. He calculated that in borderline cases, half of the surfaces at the 
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first examination were likely to be judged as sound, the other half as 
carious. In case of high caries activity, many enamel lesions at the second 
examination will doubtless have progressed to dentinal lesions, only a few 
borderline cases of enamel caries left having a 50Z chance of being misjudg-
ed. At low progression rates, however, such as under the Tanzanian low-
challenge conditions a much higher number of borderline enamel opacities have 
a chance to be judged as sound the second time, although they had been 
diagnosed as enamel caries D„ at the first examination ("reversals"). In case 
of the 1986 follow-up study, described earlier, both possibilities 2 and 3, 
real remineralization of initial enamel lesions and high chance of reversals 
due to slow progression may have played a major role, but possibility 4 
(period effect) cannot be ruled out. 
Sofar, the external information necessary to conclude either a cohort, or 
period effect or both is not conclusive in explaining the two age curves 
obtained. Because of these uncertainties the incidence in early enamel 
lesions has not been estimated. Generally, low cariogenic challenge plus 
fluoride in some of the waters consumed may account for natural remineraliza-
tion of white spots, but also for uncertainties in diagnosis and for examiner 
shift. 
6.5 Conclusion 
The APC-analysis for caries experience revealed that a cohort effect is 
most likely and that its value has to be estimated as 0.055 cavities per 
birth year. However, the APC-analysis for early enamel lesion was not 
conclusive in explaining either a cohort effect or a period effect or both. 
Therefore, the incidence for early enamel lesion has not been estimated. 
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CHAPTER 7 
RESULTS OF THE ANALYSES OF THE LONGITUDINAL DATA 
BETWEEN 1984 AND 1986 
7.1 Introduction 
In this Chapter the findings of the analyses of the dental data, related 
to the third objective (see 1.4) are described. In turn the caries Incidence 
scores (1984-1986) at tooth and surface level, the results of the investiga­
tion into the influence of the patterns of food intake on the caries inciden­
ce scores of the children examined and that of the caries prediction test are 
described. 
7.2 Caries Incidence between 1984-1986 
7.2.1 Background parameters 
In this paragraph only the results of the incidence in dentinal lesions 
and caries experience in relation to the same background parameters, used for 
describing the prevalence of these conditions, are described. 
The number of children examined longitudinally by age at start and area, 
SES and sex are presented in Table 7.1. As with the distribution of children 
by area in the cross-sectional studies, the 8-year-old urban children were 
over represented, while the 7-year-old rural and 8-year olds living in 
naturally fluoridated rural areas were under represented. Regarding the 
distribution of children by age and SES, it was noted that children belonging 
to the high SES group were lower in number by far than those of the low and 
middle SES groups. The highest number of children examined were 8-year olds 
belonging to the middle SES group. Considering the distribution of children 
by sex, it was noted that the majority (62X) of the children examined were 
girls, with the 8-year olds forming the largest group (25Z). The 7-year-old 
females were over represented while the 7-year old boys were under represent­
ed compared to the side totals. 
7.2.2 Drop-outs and selectiveness 
In order to study the effect of drop-outs between 1984 and 1986 on the 
2 
parameters age, area, SES and sex, Λ -test was performed. The results of this 
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analysis only revealed a significant participation effect with respect to 
area, resulting in the following percentages of drop-outs per area category: 
70% (urban); 63Ï (rural); 83Z (naturally fluoridated rural); 70Z (total). 
Additionally, selectiveness with respect to the dental situation was 
studied by analysing (ANOVA) the difference in mean D.MT scores between 
participants and non-participants in 1986, with respect to the observations 
in 1984, corrected for age (9- to 11-year), area, SES and sex. No significant 
difference was found between participants and non-participants (p - 0.29), 
indicating that the participation effect for the parameter area did not 
introduced bias to the results obtained from the 1986 examinations. 
Table 7.1 Number of children examined longitudinally by initial age, area, 
SES and sex. 
Initial age 
8 Total 
Area 
Urban 
Rural 
Rural F" 
SES 
Low 
Middle 
High 
Sex 
Males 
Females 
69 
25 
41 
61 
54 
20 
39 
96 
128 
58 
35 
79 
104 
38 
90 
131 
70 
54 
27 
68 
63 
20 
66 
85 
267 
137 
103 
208 
221 
87 
195 
312 
Total 135 221 151 507 
7.2.3 Caries incidence at tooth level 
The mean number of permanent teeth in children examined longitudinally is 
presented in Table 7.2. The mean number of permanent teeth increased with 
increasing age. However, in 1984, 9-year olds had significantly fewer 
permanent teeth than 9-year olds in 1986 (p < 0.05). 
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Table 7.2 Number of permanent teeth examined per child in 1984 and 1986. 
Mean (x) and standard deviation (SD). 
Age 7 8 9 10 11 
Year 
1984 
1986 
X 
12.0 
SD 
3.6 
X 
13.4 
SD 
3.6 
χ 
14.9 
17.2 
SD 
4.0 
4.6 
χ 
19.4 
SD 
4.5 
χ 
21.0 
SD 
3.6 
In order to select a suitable analysis procedure the frequency of the D,T 
and D MT incidence scores among these children were calculated (Table 7.3). 
The table shows that the D-MT score increased in 21 per cent of the children 
examined, while 4 per cent of them had higher D.MT scores in 1984 than in 
1986. Furthermore, the D.MT score increased more in the lower (17Ϊ) than in 
the upper jaws (8%) of these children, with 16 per cent of them having an 
increased D,MT score in the first molars. There were hardly any differences 
found between the percentage of children having D,T and D.MT scores, sugges­
ting that a very low percentage of the children had lost one or more teeth 
between 1984 and 1986. 
Table 7.3 Percentage distribution of D-T and D.MT incidence scores in first 
molars, upper jaw, lower jaw and total dentition in 7- to 9-year 
olds examined in 1984 and 1986. 
Score 
-2 
-1 
0 
1 
2 
3 
1st 
D3T 
1 
4 
80 
11 
4 
-
Molars 
D MT 
1 
3 
80 
11 
5 
-
Upper law 
D3T 
2 
90 
6 
2 
-
DjMT 
2 
90 
6 
2 
-
Lower 
D3T 
1 
3 
80 
14 
2 
-
jaw 
D.MT 
1 
1 
81 
15 
2 
-
Total dentition 
DjT 
75 
14 
DjMT 
1 
3 
75 
14 
6 
1 
The analysis (ANOVA) of the incidence data at tooth level was based on six 
tooth types (excluding second molars) and carried out for testing age, area, 
SES and sex effects and interactions on the D,T and D.MT conditions in first 
molars, upper jaw, lower jaw and total dentition (Table 7.4). 
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The analysis revealed the following effects: 
no age, area or sex effects; 
no interactions; 
a SES effect for D,T condition in the lower jaw; 
a SES effect for D.MT condition in the first molars and lower jaw. 
On the basis of these results the following decisions were made concerning 
the presentation of the final results of the incidence data at tooth level: 
The SES effects will be presented in mean D.MT scores for first molars 
and lower jaw (Fig. 7.1); 
The age curves will be presented for the mean D,T and D.MT scores for the 
total dentition (Fig. 7.II). 
Table 7.4 Test results (ANOVA) of age, area, SES, sex effects and interac­
tion on the incidence of D.T and D MT conditions for first 
molars, upper jaw, lower and total dentition in 7- to 9-year 
olds between 1984 and 1986. 
Condition Age Area SES Sex Interaction 
D Τ First molars 
Upper jaw 
Lower jaw 
Total dentition 
D MT First molars 
Upper jaw 
Lower jaw 
Total dentition 
The mean D.MT incidence score for first molars (0.07) and lower jaw (0.13) 
were significantly lower for children belonging to the low SES group than the 
mean D,MT incidence score for first molars (0.25) and lower jaw (0.26) for 
those belonging to the middle SES group (t-test, Bonferroni, α - 0.05). The 
first molars were the main contributor to the mean D,MT incidence scores in 
middle and high SES groups. The lower jaw contributed more to the mean D.MT 
incidence scores in low and middle SES groups than the upper jaw. 
Figure 7.II shows that the mean D.T and D.MT incidence scores ranged from 
0.30 at age 7 to 0.17 (DjT) and 0.22 (DjMT) at age 9. 
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Figure 7 .1 C o n t r i b u t i o n of mean D.MT s c o r e s i n f i r s t molars and i n lower jaw 
as p a r t of t h e t o t a l mean D.MT i n c i d e n c e s c o r e by SES i n 7- t o 9-
y e a r o l d s examined i n 1984 and 1986. 
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Figure 7.II The age curves for the mean D,T and D,MT incidence scores 
between 1984 and 1986. 
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1.2.1* Caries incidence at tooth surface level 
The first molar was the only tooth type examined at surface level in 1984. 
Therefore, the caries incidence values could be obtained from this tooth type 
only. The number and percentages of newly developed dentinal lesions by tooth 
surfaces in first molars are presented in Table 7.5. The incidence of 
dentinal lesions was found predominantly in the occlusal surfaces (691), 
followed by pits and fissures (12%), smooth (10Z) and approximal surfaces 
(9%). A higher proportion of newly developed dentinal lesions (71%) developed 
from early enamel lesions than from sound tooth surfaces (29%) over this two 
year period. 
The percentages of newly developed and vanished (remineralisation and 
reversal in diagnosis) dentinal lesions by all tooth surfaces of first molars 
are presented in Table 7.6. Dentinal lesions developed in 1.1 per cent of all 
surfaces examined but vanished in 0.3 per cent of them, resulting in a 
balance of 0.8 per cent of the surfaces in the first molars having developed 
dentinal lesions between 1984 and 1986. The total number of surfaces examined 
was 12168. 
Table 7.5 Numbers and percentages of newly developed dentinal lesions by 
tooth surface types in first molars of 7- to 9-year olds 
examined in 1984 and 1986. 0 - sound; 2 - early enamel lesions; 
3 - dentinal lesions; N - number of surfaces. 
Types 
Code 
0 -> 3 
2 -> 3 
Total 
Occ 
N 
14 
81 
95 
lusal 
X 
69 
Smooth 
N 
9 
5 
14 
% 
10 
Pits and 
fissures 
N 
6 
11 
17 
1 
12 
Approx 
N 
11 
1 
12 
imal 
% 
9 
Total 
N % 
40 29 
98 71 
138 100 
The analysis to test for age, area, SES and sex effects and interactions 
at tooth surface level was carried out for occlusal surfaces and all surfaces 
together of the first molars only. This was done as the prevalence of caries 
incidence for pits and fissures, approximal and smooth surfaces was too low 
to carry out this analysis. The test results are shown in Table 7.7. 
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Table 7.6 Percentage distribution of newly developed and vanished dentinal 
lesions by total number of surfaces of first molars in 7- to 9-
year olds examined in 1984 and 1986. 
0 - sound; 2 - early enamel lesions; 3 - dentinal lesions. 
Code 
-> 3 
-> 3 
-> 0 
-> 2 
Total 
Developed 
0.3 
0.8 
1.1 
Vanished 
0.2 
0.1 
0.3 
Table 7.7 Test results (AN0VA) of age, area, SES and sex effects and 
interactions on the incidence of D_S and D-MS conditions for 
occlusal surfaces and all surfaces of first molars in 7- to 9-
year olds examined in 1984 and 1986. 
Condition Age Area SES Sex Interaction 
D3S 
DjMS 
Occlusal 
All surfaces 
Occlusal 
All surfaces 
The analysis revealed the following effects: 
no area or sex effects; 
no interactions; 
an age effect for D,S and D.MS condition for occlusal surfaces; 
a SES effect for D.MS condition for all surfaces. 
On the basis of these results the following decisions were made concerning 
the presentation of the final results of the caries incidence scores at tooth 
surface level: 
the age effects will be presented in mean D.S and D^MS scores for occlusal 
surfaces and all surfaces (Figure 7.Ill); 
the SES effect will be presented in mean D,MS scores in relation to age 
(Figure 7.IV). 
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The age curves of the mean D S and D-MS incidence scores for occlusal 
surfaces (A) and all surfaces (B) are presented in Figure 7.Ill The mean D.S 
and D.MS incidence score for the occlusal surfaces in these first molars was 
significantly higher for 7-year olds (0 20) than for 9-year olds (0.03) 
(t-test, Bonferroni, a - 0 05). The mean D.S incidence score for all surfaces 
was higher among 7- than 9-year olds, while the mean D.MS incidence score was 
higher among 8-year olds than among 7- and 9-year olds 
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Figure 7 III Age curves for mean D.S and D,MS incidence scores for occlusal 
surfaces (A) and all surfaces (B) of first molars in 7- to 9-
year olds examined in 1984 and 1986 
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The age curves for the mean D,MS incidence score for all surfaces in first 
molars by SES is presented in Figure 7. IV. The mean D.MS incidence scores in 
first molars of children belonging to the middle socio-economic group were 
significantly higher than the mean D.MS incidence score of children belonging 
to the low socio-economic group (t-test, Bonferroni, α - 0.05). The mean D,MS 
incidence score and the standard error of the mean among 9-years olds of high 
socio-economic status was 0.00 ± 0.40: showing equal positive as negative 
incidence values. 
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Figure 7.IV Age curves for the mean D.MS incidence score for ail surfaces 
in first molars by SES in 7- to 9-year olds examined in 1984 
and 1986. 
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7.2.5 Conclusion 
The findings of the caries incidence study have led to the following 
conclusions : 
the increment of dentinal lesions over the two year period was very low; 
the increment of dentinal lesions tended to decrease with increasing age; 
newly developed dentinal lesions were found predominantly in occlusal 
surfaces ; 
the socio-economic status of the children was the only parameter which had 
an effect on the caries incidence scores: children of low SES groups 
developed fewer dentinal lesions than those of middle SES groups. 
7.3 Patterns of food intake in relation to caries incidence 
7.3.1 Introduction 
Information on the patterns of food intake was obtained by interviewing 
the children for the number of main meals taken and for the number of fruits, 
sweetened drinks and snacks taken in between meals over 24 hours. The inter-
views were held in 1984 and 1986. In 1986 the mothers of 52 of the children 
examined were asked to answer the same questions as their children. This was 
done to be able to judge the extent to which the answers of the children 
corresponded to those of their mothers. 
In the next paragraph the relationship between caries surface incidence 
and the different types of food consumed by the children examined in 1984 is 
described. 
7.3.2 Results 
The children were divided into two groups; those showing D,MS incidence 
scores of one or more and those showing caries incidence of zero or below 
zero. The difference between the mean number of daily meals, sweetened snacks 
and drinks, and fruit consumed for the two groups of D,MS incidence scores 
were tested (t-test). The test results are presented in Table 7.8. There were 
no statistically significant differences found between the mean number of 
meals, fruits and sweetened snacks and drinks consumed in the D,MS incidence 
and non-incidence group. 
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Table 7.8 Mean number (± standard deviation) of daily meals, sweetened 
snacks and drinks, and fruits for children with and without 0,М5 
incidence. 
D.MS incidence 
No Yes 
(N - 394) (N - 80) 
SD χ SD 
Meals 2.7 0.5 
Fruits 2.1 0.7 
Sweetened snacks 1.7 0.8 
Sweetened drinks 1.0 0.7 
2.7 
2.1 
1.9 
1.1 
0.5 
0.6 
0.8 
0.7 
Analysis of variance between the types of food consumed and the covariates 
area and the two distinguished D MS incidence groups showed a weakly signifi­
cant difference between the number of fruits consumed and the two disting­
uished D.MS incidence groups (p - 0.04). The mean number of fruits consumed 
by children living in naturally fluoridated areas was higher than for those 
living in urban and rural areas for both distinguished groups (Table 7.9). 
Although this may indicate a real difference in eating patterns, nevertheless 
the analysis of the fruit consumption data was not carried further. The 
reason is that, although statistically significant, the difference of 1 piece 
of fruit per day is not practically relevant in terms of cariogenicity. 
Table 7.9 Mean number of fruits consumed by children examined longitudi­
nally per distinguished D.MS incidence group and per area. N — 
number of children examined. 
D.MS incidence 
No Yes 
N χ χ 
Urban 250 2.0 2.1 
Rural 130 1.8 1.9 
Rural F" 80 2.7 2.9 
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7.3.3 Conclusion 
In conclusion it can be stated that: 
the number of meals taken and the number of fruits, sweetened snacks and 
drinks taken in between meals was low; 
the food pattern of these children showed no relationship with the caries 
incidence found. 
7.4 Prediction of caries activity 
7.4.1 Introduction 
In Chapter 1 it was remarked that Klock and Krasse had described a 
promising method for the prediction of future caries activity. It should be 
pointed out however, that Klock and Krasse examined 9-12-year olds, while in 
the present study 7-9-year olds were examined. This implies that more 
surfaces of permanent teeth were at risk in the Swedish than the Tanzanian 
study. Furthermore, in the Tanzanian study children with severe black stain 
and/or hypocalcification have been excluded from the calculations for the 
prediction of caries activity. A third difference between the populations 
under study, that must be mentioned, is the extremely low tendency for 
lesions to progress. 
In order to test the power of S. mutans. lactobacilli and early enamel 
smooth surface lesions (approximal, buccal and lingual) as predictors for 
caries activity the following aspects required investigation: 
1. The relationship between S. mutans and lactobacillus counts per millilitre 
saliva, and early enamel smooth surface lesions in first molars measured 
in 1984 and the measurements of these variables in 1986. This would 
provide information on the usefulness of these variables as predictors 
(see Table 7.13). 
2. The relationship between the three variables at the start of this study 
and the caries incidence at tooth and surface level. This would provide 
information on the extent to which each of the variables could explain the 
variability in caries incidence scores (see Table 7.14). 
3. The comparison of the mean caries incidence score of the high caries risk 
group, compiled according to Klock and Krasse, with those of the non-high 
caries risk group remaining. This will explain the usefulness of S. mutans 
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counts > 10 /ml saliva, lactobacillus counts > 10 /ml saliva and early 
enamel smooth surface lesions > 11 combined as predicting factors for 
caries activity in the study population (see Table 7.15). 
Before the aspects described above are considered the frequency distribution 
of the observation of the three predictors for both 1984 and 1986 will be 
presented (Tables 7.10 and 7.11). The method used to estimate the 
S. mutans and lactobacillus counts in saliva samples of the children examined 
2 
has been described elsewhere. The number of children examined micriobiolo-
gically was 135 (1984) and 241 (1986). Those examined longitudinally amounted 
up to 83. 
7.4.2 Results 
Attention should be drawn to the fact that the group of children from whom 
saliva samples were taken in 1986 consisted partially of those examined 
microbiologically in 1984. 
Table 7.10 Frequency distribution (in percentages) of S. Mutans and lacto-
bacillus counts in milliliter saliva in children examined in both 
1984 and 1986. 
Year 
S. mutans 
1984 1986 
Lactobacillus 
1984 1986 
Age group (yr) 7-9 
(N-135) 
9-11 
(N-241) 
7-9 
(N-135) 
9-11 
(N-241) 
Counts 
10¿ 
105 10D
104 
105 
1 0É 
1 0 
IO6 
-
1 
13 
32 
54 
10 
7 
16 
38 
29 
1 
6 
13 
48 
32 
31 
26 
24 
14 
5 
S. mutans and lactobacilli were isolated from all children examined in 
both 1984 and 1986. Table 5.32 shows that a higher proportion of S. mutans 
counts were found in the high-risk predictor group (> 10 ) in 1984 (54X) than 
in 1986 (29%). The same trend was also observed for lactobacillus counts. The 
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percentage of lactobacillus in the high risk predictor group (> 10 ) was much 
higher in 1984 (80X) than in 1986 (19X). 
Table 7.11 Frequency distribution (in percentage) of early enamel smooth 
surface lesions in first molars among the children examined in 
1984 and 1986. 
Year 1984 1986 
Age group (yr) 7-9 7-11 
(N-693) (N-818) 
D„S score 
0 61 76 
1 17 13 
2 11 6 
3 5 2 
4 4 1 
> 5 2 2 
The prevalence of children with early enamel smooth surface lesions was 
higher (39X) in 1984 than in 1986 (24%). There was only one child, examined 
in 1986, who had 11 early enamel smooth surface lesions. 
The distribution of caries incidence scores at surface level of first 
molars of the children examined longitudinally is presented in Table 7.12. 
Table 7.12 Frequency distribution (in percentage) of surface caries inciden-
ce in first molars of 7- to 9-year olds examined longitudinally. 
N - number of children. 
D,MS incidence ,, 
J N X 
Score 
-2 6 1 
-1 13 3 
0 378 78 
1 49 10 
2 23 5 
3 5 1 
> 4 10 2 
An increment in caries experience was found among 18 per cent of the 
children examined, with the highest proportion of them having an increment of 
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one dentinal lesion. The correlation (Spearman correlation coefficient) 
between each of the three predicting factors, measured in both 1984 and 1986 
was low; S. mutans 1984 - S. mutans 1986 (г - 0.02); lactobacilli 1984-
lactobacilli 1986 (r - 0.26); early enamel smooth surface lesions 1984-
early enamel smooth surface lesions 1986 (r - 0.44) (Table 7.13). 
Table 7.13 Spearman correlation coefficient (r) between S. mutans and 
lactobacillus counts, and early enamel smooth surface lesions in 
first molars measured in 1984 and 1986. 
1984 
1986 £,. mutans 
r 
Lactobacilli 
r 
Early enamel smooth 
surface lesions 
r 
S. mutans (N-83) 0.02 
Lactobacilli (N-83) 0.26 
Early enamel smooth 
surface lesions (N=484) 0.49 
The correlation between the three predicting factors examined at the start 
of the study with the caries incidence at tooth and surface level (first 
molars) are presented in Table 7.14. Only the correlation (r - 0.20) between 
early enamel smooth surface lesion and D.MS incidence scores was statistical-
ly significant (p - 0.03). 
Table 7.14 Spearman correlation coefficient (r) between S. mutans and lacto-
bacillus counts, and early enamel smooth surface lesions in first 
molars in 1984 and the D,MT/S incidence scores among the children 
examined longitudinally, dentally as well as microbiologically. 
Incidence scores 
D3MT DjMS 
0.03 0.14 
0.14 0.12 
0.15 0.20* 
N - 8 3 
* - significant (p - 0.03) 
S. mutans 
Lactobacilli 
Early enamel smooth 
surface lesions 
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Kloek and Krasse concluded that the best prediction of the caries 
activity could be obtained by combining the three factors; (a) early enamel 
smooth surface lesions greater or equal than 11, (b) S. mutans counts greater 
or equal than 10 /ml saliva and (c) lactobacillus counts greater or equal 
than 10 /ml saliva. In the present study only 18 per cent of the children 
examined showed early enamel smooth surface lesions and none of them had a 
score of 11 or more (Table 7.11). The method described by Klock and Krasse 
therefore could not be tested. However, an attempt was made to identify high 
risk groups based on a modification of the Klock and Krasse method. In this 
modification the threshold of 11 early enamel smooth surface lesions was 
lowered to one, while the two other predicting factors remained unchanged. 
The different combinations of the three predicting factors and the correspon-
ding mean D.MS incidence scores are presented in Table 7.15. 
Table 7.15 Mean D-MS incidence scores in relation to the three predicting 
factors combined. N - Number of children. 
Factors D MS incidence 
SD 
S. mutans < 10 
Lactobacilli > 10 
Early enamel smooth 
surface lesions > 1 
1.0 0.0 
2. S. mutans > 10 . 
Lactobacilli < 10 
Early enamel smooth 
surface lesions < 1 
1.0 0.0 
3. S. mutans > 10 
Lactobacilli > 10 
Early enamel smooth 
surface lesions < 1 
1.0 0.0 
4. S. mutans > 10 
Lactobacilli > 10 
Early enamel smooth 
surface lesions > 1 
4.2 3.1 
As shown in Table 7.15 the combination S. mutans > 10 , lactobacilli > 10 
and early enamel smooth surface lesions > 1 had distinctly higher mean D,MS 
incidence scores than found for the other combinations. The number of 
children belonging to the high caries incidence group was however low. 
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7.4.3 Conclusion 
The findings of the caries prediction part of this study have led to the 
following conclusions: 
the prevalence of high S. mutans counts (> 10 /ml saliva) was high in both 
1984 and 1986; 
the prevalence of high Lactobacillus counts (> 10 /ml saliva) was high in 
1984 but much lower in 1986; 
the usefulness of S. mutans , and lactobacillus counts per millilitre 
saliva and early enamel smooth surface lesions as predictors was very 
limited; 
there was a relationship found between early enamel smooth surface lesions 
and D.MS scores only; 
the caries prediction method, described by Klock and Krasse, which was 
based on a combination of 3 predicting factors CS. mutans counts > 10 /ml 
saliva, lactobacillus counts > 10 /ml saliva and early enamel smooth 
surface lesions > 11) could not be applied in this study population. 
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CHAPTER 8 
DISCUSSION 
8.1 Introduction 
This Chapter starts with a discussion of the materials and methodology 
applied and continues with a comparison of the results obtained from the 
epidemiological part of the study with those obtained from other studies 
carried out in Africa. Then the caries activity of the children examined is 
discussed in the light of their eating pattern, microflora and socio-economic 
status. The Chapter is closed with a brief discussion of the influence of 
fluoride in the drinking water, found in some villages, on the caries 
activity of these children. 
8 . 2 Adequacy of Methodolopv 
The feasibility of follow-up studies in developing countries is questioned 
by many Western experts. Their reservations are due to the generally low 
degree of organization (compared to the standards of industrialized coun-
tries), and lack of control and essential facilities. Such limitations 
certainly had to be taken into account when field work was planned in 
Tanzania. However, the organizer and principal investigator had been living 
in the country for several years, resided in Morogoro town, and had good 
contacts with and the cooperation of all officials in the town, villages, 
health department and school. Moreover, he was in charge of a small outpost 
of the Dental Division of the University of Dar es Salaam where a field 
rotation programme for dental students was regularly run; 2 cars and local 
collaborators were available. Nevertheless, in the present oral health study 
- the first longitudinal one in this part of Africa - a number of disturbing 
influences were in fact encountered; the issue must be discussed as to 
whether they were acceptable, or serious enough to jeopardize the validity of 
the results. 
The drop-out (30 per cent of the children after 2 years) was higher than 
usually encountered in similar studies in developed countries but, fortuna-
tely it did not affected the study findings. Regarding age dependence of 
caries data, reliable information about the age of the subjects under study 
is important. 
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As reported in chapter 5.2 difficulties were encountered in this respect. 
Apparently, such difficulties have not been unique to the present study, as 
several authors have reported difficulties in obtaining the precise ages 
of the group under study in Tanzania. However, it also seems possible to 
assess the ages of the study group reliably, as has been reported in one 
study where the author claimed to be able to assess the ages of the study 
group in terms of month and days in 80 per cent (146) of the cases. This was 
achieved by carefully questioning the mothers. In Tanzania in the past the 
registration of births and deaths was not common practice but it is gaining 
momentum very rapidly (Officer in charge of the Bureau of Birth and Death, 
Morogoro-personal communication). This improvement of organization and other 
regulations, such as the requirement to show the birth certificate and/or 
MCH-card when presenting a child at school, will definitely minimize the 
uncertainties of obtaining reliable data on age in the near future. 
In most epidemiological studies in Africa diagnosis of dental diseases has 
been carried out using sunlight. The nature of the present study necessitated 
the development of a device to light the oral cavity, using a car battery. It 
has been interesting to see the advantages of this device in oral examination 
in the field. Based on experience of carrying out studies both with and 
without artificial light, the use of artificial light Is recommend where the 
study being undertaken is intended to diagnose early enamel lesions and/or 
dental fluorosis. 
The criteria upon which the SES assessment of the children was based, had 
been specifically designed for this study and had not been applied and tested 
in other previous studies. Under such circumstances it is important to know 
the validity of the newly constructed SES-scoring instrument, particularly, 
as in this study, if the SES is of Influence on the caries development in the 
group under study. The fact that children from high SES classes had a higher 
caries activity than those of low SES classes, a result which had been shown 
in other low prevalence populations in Africa and in Europe, suggested that 
the SES-scoring instrument used in this study seems to be not inappropriate. 
The attempt made In this study, to develop an appropriate SES-scoring 
instrument for use in African populations, should therefore be regarded as a 
first step towards establishing of a valid SES-scoring instrument. Further 
research in this area is required 
The advantage of the mixed-longitudinal design above the more traditional 
ones (cross-sectional, pure longitudinal, time-lag) and of the use of the 
APC-analysis has been shown in the present study. The likelihood of the 
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presence of a cohort effect for the prevalence of caries and the difficulty 
in the explanation of the differences found between the prevalence of early 
enamel lesions in 1984 and 1986 by either a cohort or period effect have been 
accounted for by the use of the APC-analysis and the mixed-longitudinal 
design. If an Age-Cohort-analysis was carried out in order to explain the 
difference in prevalence of early enamel lesions by means of a cohort effect, 
the contribution of the component period would not have been considered, 
which, in this case, could have led to an incorrect final decision. 
The use of measures of association (risk ratios, prevalence ratios) is 
limited within dental epidemiological research, and it has been interesting 
therefore to see the considerable extent to which it has been helpful as an 
additional analytical tool. By referring to the decrease in caries prevalence 
in the child populations of many industrialized countries and to the already 
low prevalence of caries in less-industrialized countries, caries must be 
considered as a "rare" disease. Under such circumstances measures of associa­
tion are appropriate tools to express the caries situation in populations, 
and moreover they might be used in studying the risk differences of etiologi­
cal factors on the development of caries in the future. In epidemiological 
studies in low caries prevalence populations therefore, the use of relative 
risk and prevalence ratios should be considered. 
8.3 Caries activity and caries pattern over time 
With an overall net increase of 0.055 cavities per year (of birth) the low 
caries activity in Tanzania is definitely not increasing dramatically. If 
there is a secular trend, it must be regarded as being on a very slow 
increase for the time being. Moreover, it is obvious that caries activity in 
Morogoro District (as in other parts of Tanzania) is very low in absolute 
terms, with some differences between subgroups within the study population, 
which will be discussed later. 
In 1986 9-year olds had on average 2 more teeth erupted than 9-year olds 
in 1984. This means that more teeth were at risk of developing caries in 1986 
than in 1984, which might be the explanation for the borderline significant 
difference found between mean 0,ИТ scores in this age group in 1984 and 1986, 
and consequently for the generation effect of 0,055 cavities per year of 
birth, particularly as such a difference could not be demonstrated for 7- and 
8-year olds. Looking at the difficulties encountered in obtaining the proper 
age of the children under study, one is inclined to think that the age 
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assessment of the 9-year olds was not done reliably in either of the two 
years. This notion might be correct, but then the reliability of the age 
assessment of 7- and 8-year olds should also be questioned. Children of these 
ages, however, had an equal number of teeth erupted in both 1984 and 1986 
showing a different situation than that presented by 9-year olds. On the 
assumption that age assessment in this study did not contain a systematic 
error (e.g. only 9-year olds being assessed wrongly) it must be accepted that 
age assessment had no effect on the generation effect demonstrated in the 
study. The difference of 2 erupted teeth between 9-year olds in 1984 and 1986 
was analysed further, based on the following two assumptions: 
the age of eruption is earlier in females than in males; 
at the age of 9-years a number of teeth erupt at short intervals, sothat 
the month of birth could determine the difference. (The month of birth of 
those children having reported it, were used). 
However, neither effect could be demonstrated, leaving the generation effect 
obtained as it was. 
Caries was found more frequently in deciduous than in permanent denti­
tions. In both 1984 and 1986 the mean dt scores of rural children were in 
line with those found among 5- to 6-year olds living in a rurally based sugar 
estate in Morogoro Region in 1985 , while the mean dt scores of urban 
children were lower than those reported among 3- to 8-year-old nursery 
о 
children in Dar es Salaam in 1983. In general the results of the studies 
reported above do not differ markedly from those found among nursery children 
9-13 in studies in other African Nations. 
In the permanent dentition caries was found predominantly in occlusal 
surfaces of posterior teeth, more frequently in those of the lower than of 
the upper jaws. In both 1984 and 1986 the mean D.MT scores were in keeping 
with those reported on comparable age groups in Tanzania ' ' ' between 
1976 and 1985. They were also in agreement with the mean D MT scores reported 
4 J 
for another East African country, Kenya, in 1984. However, the mean D.MT 
13 
scores of this study were lower than the ones reported for Ethiopia in 1977 
for Nigeria in 1983 , for Ghana in 198416 and for Sudan.17 The mean D MS 
scores among 7- to 11-year olds in the present study were in line with those 
4 
reported for 12-year olds in Dar es Salaam in 1984 and in rural Tanzania in 
18 7 
1984 and 1985 , but were lower than the ones reported for 7- and 11-year-
old Dar es Salaam children in 1979 and 1983.19 
The tooth and surface patterns of caries found in the 1986-study were in 
keeping with the patterns found among 12-year olds in Dar es Salaam in 1983 
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and in 1984 , and among 12-year-old rural Tanzanian children in 1984 and 
1985. The phenomenon that a greater proportion of second molars than first 
molars are found to be carious in African populations, as reported for 
21 22 
Ugandan 12-year olds and Zambian 11-13-year olds , was not observed in 
20 
this study, neither has it been reported for 12-year olds in Dar es Salaam 
τ 7,18 
and in rural Tanzania. 
As mentioned earlier, the APC-analysis has not been conclusive in explain­
ing the differences found between the prevalence of early enamel lesions in 
1984 and 1986. Further discussion on this subject must centre on the results 
of the quality tests of the early enamel lesions data. In this context it is 
noteworthy that the large differences found in mean D.T scores between 1984 
and 1986 were not accompanied by a systematic difference between the examin­
ers in diagnosing this condition. This means that the three examiners 
diagnosed early enamel lesions equally well in both 1984 and 1986, indicating 
that the difference found must be real. Considering the value of the kappa-
coefficient, indicating a moderate reproducibility of diagnosis of early 
enamel lesions, it can be concluded that the diagnosis of early enamel 
lesions should be improved. Unfortunately, the literature is not rich in 
publications reporting on the reliability of scoring early enamel lesions, 
and in particular in combination with mild forms of dental fluorosis, so that 
uncertainty about the average level of precision obtainable remains. The 
experienced epidemiologists participating in the study doubted whether the 
high inherent variability of the appearance of enamel porosities (such as 
early enamel lesions, fluorosis, hypocalcifications) would ever permit a 
better reproducibility. 
In Tanzania studies reporting on the prevalence of early enamel lesions 
23 24 
are few. ' In the present study the mean D.T scores were higher than the 
ones reported for 7- and 11-year-old Dar es Salaam children in 1978. The 
National Dental Health Surveys (1982-1983) also showed lower mean D„S scores 
in the age groups 0-9 years and 10-14 years compared to 7-9 years and 10-11 
years in the present study in 1986. Overall, the prevalence of early enamel 
lesions in the present study in both 1984 and 1986 seems to be higher than in 
the two studies referred to above. The fact that artificial light was used in 
the present study, improving the working conditions for the examinations, 
should not be overlooked when comparing our results with others. 
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8.4 Carles activity in the lipht of eating patterns 
The most obvious reason for the low caries activity in the child popula­
tion under study is the low eating frequency in general, and especially the 
low frequency of intake of sugars. Such a regime may be compared with the 
experimental regimes tested in the Vipeholm Study on 436 psychiatric pa-
25 
tients ; 4 meals per day were given, and although amounts of sucrose were 
added in one series between 50 and 300 gr, the caries increment remained 
limited to about 0.5 new dentinal lesions per subject within one year. The 
observations on the relationship between caries and intake of carbohydrates 
other than sugars have shown that dietary starches in general are weakly 
7 ft У 7 98 
cariogenic. Marthaler , Newbrun and König have analysed the most 
relevant results of epidemiological, clinical and experimental studies in 
this field. They conclude that starchy food not containing sugar is weakly 
cariogenic under all circumstances compared with food containing sugars. 
However, there is also no doubt that even the highly cariogenic sugars do not 
cause a caries explosion if the frequency of intake is limited to about 5 
times per day. Under most circumstances the caries activity will only 
increase when the number of between-raeal sweets is raised substantially, to 
something above 10 sweets per day, a level which is nowhere near reached in 
this child population. 
8.5 Prediction of caries activity and microflora 
Streptococci of the mutans group were isolated in all children examined, 
both in 1984 and 1986. Similar results have been reported for 10-14-year-old 
29 30 
Mozambiquan children and 12-14-year-old children in Sudan. The bacterial 
examinations in the latter two studies were carried out according to the same 
31 32 
method , which differed from the one used in the present study. In the 
present study in 1984 the number of children with high mutans counts (542) 
was higher than that reported for Mozambique (40Z) and for Sudan (445!), but 
was lower for those examined in this Study in 1986 (295!) . These percentages 
are surprisingly high as mutans streptococci have been shown to depend on a 
33 diet rich in sucrose to maintain a high level of colonization. However, in 
both Tanzania and Mozambique the sugar distribution figure per capita per 
34 35 
year is low, 6 kgs (1982) and 11 kgs (1980-1981) respectively, showing 
the low availability of sucrose in those populations. Apparently, high 
numbers of mutans streptococci may occur in combination with low caries 
activity. This interesting finding requires elaboration. 
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Bacteria colonize the oral cavity and the tooth surfaces at all times, 
however, composition and properties of the plaque may differ in the following 
respects: 
1. bacterial species present 
2. numbers (per species) present 
3. coherence and polysaccharide content 
4. volume 
5. state of metabolic activity of the bacteria. 
These five aspects are discussed briefly below. 
1. Regarding sorts of bacteria, specific cariogenic properties are strong 
acid formation and also high acid tolerance. They are found in Streptococ-
cus mutans. Streptococcus sobrinus and, even stronger, in lactobacilli, 
but in principle all acid formers contribute to the caries risk. Other 
properties such as synthesis of polysaccharides from sucrose also contri-
bute to the cariogenic potential. 
2. High numbers of bacteria (of a species) increase the impact of the 
respective cariogenic potential. 
3. Coherence and persistence of plaque, as well as its permeability are 
influenced by extracellular matrix polysaccharides of plaque, such as 
formed by streptococci and Actinomyces viscosus. 
4. Together with the numbers of bacteria, the polysaccharides determine 
volume/amount of plaque. 
5. The metabolic activity resulting in ample acid formation and selection of 
acid tolerant bacteria is triggered by frequent sugar intakes. 
These five aspects of plaque composition and properties may explain the 
apparent contradiction between the very low caries activity in the Morogoro 
child population in the presence of high numbers of mutans streptococci, 
3fi 
whereas Klock and Krasse found high mutans streptococci counts reliably 
predictive for high caries activity. 
The two key differences between a Swedish and a Tanzanian child population 
are practically no visible plaque as against masses of plaque, and frequent 
high-sucrose snacks as against very few snacks with relatively low sugar 
concentration (fruit, beverages). To begin with the latter difference: even 
in the presence of high numbers of mutans streptococci and other cariogenic 
bacteria, no harm is done if, as in Tanzania, infrequent availability of 
sugars enforces starvation and low metabolic activity on these micro-organ-
isms most of the time. As to numbers, it is conceivable that in Swedish 
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children with good oral hygiene and little plaque mutans by the millions 
indicates rare special high-risk conditions, whereas in Tanzanians with poor 
oral hygiene and masses of plaque, high numbers of mutans streptococci are 
only one common facet of generally high numbers and density of bacteria. As 
to the species of mutans streptococci encountered, differences have been 
reported between populations sampled, however the clinical importance of the 
differentiations described is doubtful. As a matter of fact, routine field 
sample for mutans are diagnosed based on colony morphology and growth on 
selective bacitracin-sucrose media. The only unusual finding encountered was 
the occurence of arginine positive organisms which may belong to the species 
38 Streptococcus rattus ; these do not occur in Europe and were also absent in 
samples from populations in Sudan and Mozambique 
The prevalence of lactobacilli among the children examined shifted from 
predominantly medium and high counts in 1984 to predominantly low and medium 
counts in 1986. This shift is in accordance with the role lactobacilli are 
thought to play in the caries process. Lactobacillus counts were reported to 
be higher among children with open cavities, poor restorations, dentures or 
orthodontic bands, than in children where these conditions were absent. ' 
The latter three types of dental treatment were not observed in the present 
study, but open cavities in the deciduous dentition of the children examined 
longitudinally were found more frequently in 1984 than in 1986. This might be 
the explanation for the shift in prevalence of lactobacilli observed as well 
the reason for the weak correlation found between the lactobacillus counts 
measured in 1984 and those measured in 1986. 
In view of the present very low eating frequency and an extremely slow 
progression of enamel porosities to dentinal lesions in Tanzania, it is not 
surprising that the criteria used for caries prediction in Sweden do not have 
a similar predictive power in low-prevalence, low-risk populations. 
8.6 Caries activity and fluoride in the drinking water 
An effect of fluoride ingestion on the caries prevalence and incidence in 
the permanent dentition could not be established, although the lowest D,MS 
scores in 1984 (0.00-0.13) were found among children who lived in naturally 
fluoridated rural areas and belonged to the low SES group. However, the 
fluoride in the drinking water seems to have a caries reducing effect in the 
deciduous dentition; the mean dt scores of the children living in naturally 
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fluoridated rural areas were significantly lower than the mean dt scores of 
those living in urban areas (1984) and in rural areas (1986). The explanation 
of why a fluoride effect was found only in the deciduous dentition of the 
children living in naturally fluoridated areas is most probably the relati-
vely short period, maximum 7 years, during which these children had access to 
naturally fluoridated drinking water. Another explanation may be that in 
populations with a very low increment, such as in Tanzania, a reduction 
simply does not show conspicuously in the presence of a number of other 
background factors. 
8.7 Caries activity and socio-economic status 
The present study clearly showed that caries development was influenced by 
the socio-economic status of the children; children of middle and high SES 
groups had significantly more cavities than children of low SES groups. In 
addition, caries scores tended to increase with increasing age for the high 
SES children. Besides this tendency the Interaction of SES with the locality 
of the children showed that children belonging to high SES groups and living 
in urban areas had the highest caries scores. This suggests that not only are 
children belonging to the high SES groups running the highest risk of getting 
highest caries scores, but particularly the ones living in urban areas seem 
to be most vulnerable. This SES effect is confirmed by the prevalence ratio 
which showed that children belonging to the high SES group had a chance 
almost 2.5 times greater of developing caries as those belonging to the low 
SES group. Considering the lack of relationship in food pattern frequency 
with caries activity, it is not easy to explain the higher caries activity in 
high SES children. One of the most plausible explanations may be the higher 
irregular availability of snacks and sweetened beverages, which may jeopar-
dize the validity of a 24-hour recall. Another explanation may be the 
reluctance of some children to admit that their eating pattern differed from 
that of others. 
As the present study is the first one to report on the influence of SES on 
the caries experience and/or caries incidence in Tanzanian children it is not 
possible to compare our results with others within Tanzania. In Africa, 
9 40 41 particular in Nigeria, a number of studies on this topic ' ' have been 
published. Results of these studies are in keeping with ours, although the 
criteria used to determine the SES of the groups under study were not 
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presented. However, in a recent publication Olojugba, in Nigerian 12-year 
olds, could not find a significant difference between mean DMFT scores and 
any of the SES groups distinguished in his study. As a guideline for deter­
mining the SES of these children he used the British Registrar General's 
social stratification, which can hardly have been appropriate. 
The phenomenon that caries activity is higher in high SES groups than in 
low SES groups has been reported for societies in other countries years ago. 
For instance, in Ghana in the early sixties, nurses and teachers were found 
42 to have a higher caries activity than villagers. Moreover, the history of 
caries development in Europe has shown that the first stage of a higher 
standard of living was accompanied by the purchasing of luxury food, resul­
ting in a high caries activity. Nowadays, in Europe, caries activity is 
higher in low SES groups than in high SES groups, a reverse situation to that 
of some seventy years ago. 
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CHAPTER 9 
CONCLUSIONS AND EPILOGUE 
In 1979-1980 a plan for a Tanzanian National Dental Health Service was 
elaborated. One of its objectives was "to change the approach for services 
from curative to more preventive". This objective underlay the development of 
the curriculum for the training for both dental officer and dental assistant. 
In the dental officer training, introduced in 1979 in Dar es Salaam, 23 per 
cent of the available teaching time is allocated to teaching preventive and 
community dental subjects. A large part (70Z) of this time is spent in 
Morogoro, where field training in primary oral health care was established in 
1983. Amongst other things, students are trained in Morogoro on how best to 
provide preventive and curative dental health care for rural and urban based 
children and adults. Also in the dental assistant training, introduced in 
Tanga in 1982 and in Mbeya in 1984, ample time is allocated to teach preven-
tive and community dental subjects both in theory and in the field. In 
practical terms this means that preventive dental health programmes, based on 
dental health education, regular surveillance and emergency care, and 
directed to primary school children and mothers attending Mother- and Child 
health (MCH) clinics have been developed. Health education activities must be 
based on the needs and the actual situation of people in their local environ-
ment. Therefore, alongside the dental personnel, school teachers through the 
Tanzania School Health Programme, and MCH-aids through the MCH-system, have 
been considered key persons to bring about changes in the dental health 
behaviour of their clientele. Dental health education is so integrated into 
the overall health education programmes existing in the country. Thus it can 
be seen that programmes, supporting the National Dental Health Services Plan, 
have been developed and implemented. It is the author's intention therefore 
to place the findings of the present study in the context of the ongoing 
dental health programmes. 
The caries activity in this child population was low and, although a 
statistically significant generation effect could be demonstrated, the 
increase of 0.055 cavities per year of birth was low, and considering the two 
teeth more which on average have been examined amongst 9-year olds in 1986 
than in 1984, it can be said that practically caries cannot be considered to 
be on the increase. This does not imply that caries will not increase in 
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future. On the contrary, there are signals that this might happen. Take for 
example, the higher caries activity among children of the high SES group in 
urban areas. Add to this the already high prevalence of high levels of mutans 
counts found among all children examined, then an improved economy with 
increased supply of cheap sugar-containing food products has the potential to 
increase the caries prevalence in this child population rapidly. At the 
moment the dental profession still has time to work towards preventing such a 
situation arising. They should continue to expand and to improve the preven-
tive and curative programmes implemented some years ago. An improvement can 
be achieved by giving special attention to children (and most probably their 
parents and other family members) of high SES groups in urban areas in terms 
of dental health education, curative care and regular surveillance. 
The findings of this study underpin of the philosophy which underlies the 
curriculum at the three training schools (dental officer and dental as-
sistant). The preventive and community dental health approach should be 
emphasized and the assistance provided by Denmark through DANIDA, Finland 
through FINNIDA and The Netherlands through NUFFIC should continue in order 
to help prevent caries from increasing among the Tanzanian child population 
in future. 
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CHAPTER 10 
SUMMARY 
In general it can be stated that the prevalence of caries in developing 
countries is low. In the early eighties a number of authors reported that 
caries was on the increase in these countries. In order to judge whether 
caries had also been increasing in Tanzania a literature review, covering the 
period 1971-1984, was carried out. Results of this review appear in Chapter 1 
and they show that no evidence for such an increase was found. However, one 
of the studies reviewed showed that the prevalence of caries amongst 0- to 
9-year olds was higher than amongst 10- to 14-year olds. This could be a 
signal that caries is increasing indeed (cohort-effect). However, the 
evidence was so weak, that proper research was required. If the cohort study 
would confirm the increase in the prevalence of carles, then additional 
information on the caries activity in future would be essential. This aspect 
has been studied, applying the promising caries prediction method of Klock 
2 
and Krasse. This method combines three predictive factors: smooth surface 
early enamel lesion > 11; S. mutans counts > 10 /ml saliva and Lactobacillus 
counts > 10 ml/saliva. The third aspect of the present study concerns the 
determination of the prevalence and incidence of caries in children and the 
investigation of a possible relationship between these childrens' pattern of 
food intake and the caries incidence. 
To be able to show cohort effects a mixed-longitudinal study design was 
chosen. This design has been described in Chapter 2 and offers the oppertuni-
ty to apply the so called Age-Cohort-Period-analysis. Through this analysis, 
and supported by external information, cohort and/or period effect can be 
demonstrated. This methodological part is then followed by a description of 
the results of the pilot study, carried out in 1983 in Morogoro, in order to 
study a number of factors related to the organization and clinical examina-
tion of the study. Thereafter, the sampling procedure, description of the 
study area, scoring criteria and an introduction to the meaning and use of 
measures of association (relative risk and prevalence ratio) have been 
described. Finally, the statistical methods used have been presented. 
The study was carried out by three examiners in 1984 and 1986. The relia-
bility of the dental data was assessed by calculating the intra- and inter-
examiner agreement (Kappa-coefficient) and by checking for systematical 
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differences between the examiners (ANOVA). The results of the reliability 
examination have been described in Chapter 3 and showed that all variables 
studied can be analysed further. 
In 1984, at the start of the study, it was unknown that drinking water in 
some of the villages contained an optimal fluoride concentration for caries 
reduction. Therefore, it was necessary to analyse all drinking water sources 
in the villages where those children examined resided. The results of these 
analyses have been presented in Chapter 4. They showed, that the average 
fluoride level in all drinking water sources in three villages were above 0.5 
ppm. This resulted in dividing the rural children into two groups: those 
living in the three villages and the remaining ones. 
In Chapter 5 the results of the 1984- and 1986-examination have been 
described cross-sectionally for both deciduous and permanent dentitions 
(objective 1). In 1984, 722 7- to 9-year old children were examined and in 
1986 833 7- to 11-year olds. In both years the prevalence of caries in the 
permanent dentition was low. The percentage of cariesfree children in 1984 
and 1986 was 84 and 74 respectively. No fillings were found and the preva-
lence of missing teeth was very low (1-2% of the children). Dentinal lesions 
were found predominantly on the occlusal surfaces of the molars. The socio-
economic status was the predominant parameter in the development of caries in 
these children. The highest caries scores were found amongst urban children 
belonging to the high socio-economic group. These findings were supported by 
the values of the prevalence risks. 
The results of the Age-Period-Cohort analysis have been presented In 
Chapter 6 (objective 2). The analyses showed a cohort-effect of 0.055 cavi-
ties per birth year. However, the APC-analysis was not exclusive in deter-
mining either a cohort and/or period effect for early enamel lesions. 
Therefore, it was decided not to analyse early enamel lesions longitudinally. 
In Chapter 7 the results of the analyses concerning the determination of 
caries Incidence scores, the investigation of a possible relationship between 
these childrens' patterns of food and their caries incidence scores and the 
prediction of caries have been presented (objective 3). Caries incidence 
scores over the period 1984-1986 for 7- to 9-year olds ranged between 0.2 and 
0.3 D.MT. Newly developed dentinal lesions were found predominantly on 
occlusal surfaces. Just as was the case with the prevalence values the socio-
economic status was found to be the determinant parameter for the caries 
incidence values amongst these children. The prediction method of Klock and 
2 
Krasse could not be applied as the number of smooth surface early enamel 
lesions did not meet the 11 lesions required. It was remarkable, however, 
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that a high percentage of the children examined microbiologically had high 
S. mutans counts (> 10 /ml saliva) in both 1984 and 1986. 
The findings presented in the chapters above have been discussed in 
Chapter 8. It can be concluded that the caries activity amongst these 
children is low and that the cohort effect of 0.055 cavities per birth year 
found is too small to introduce changes in the field of dental education and 
services (it should be noted that 9-year olds in 1986 had on average two 
teeth more erupted than 9-year olds in 1984). Considering the higher caries 
activity amongst children of the high SES group in urban areas and the 
already high prevalence of high levels of mutans counts, an improved economy 
with increased supply of cheap sugar-containing food products might have the 
potential to increase the caries prevalence in this child population rapidly. 
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HOOFDSTUK 11 
SAMENVATTING 
Algemeen kan gesteld worden, dat de prevalentie van tandearles in ontwik-
kelingslanden laag is. In het begin van de jaren tachtig werd in de litera-
tuur gerapporteerd, dat de prevalentie van tandearle? in deze landen snel 
toenam. 
In hoofdstuk 1 wordt aan de hand van een literatuuronderzoek over de periode 
1971-1984, nagegaan of er bewijzen zijn dat het voorkomen van tandcariës in 
Tanzania aan het toenemen is. Dat bewijs werd niet gevonden. Wel toonde een 
van de onderzoeken aan , dat de prevalentie van tandearles bij 0- tot 9-
jarige stadskinderen hoger was dan die bij de 10- tot 14-jarigen. Dit zou een 
teken kunnen zijn, dat tandearles inderdaad aan het toenemen is (cohort 
effect) en dat was de aanleiding tot nader onderzoek. Stel dat de resultaten 
van het cohort-onderzoek aantonen dat tandcariës inderdaad aan het toenemen 
is, dan is het namelijk interessant om te weten of deze trend zich ook 
voortzet. Om dit te onderzoeken werd gebruik gemaakt van de veelbelovende 
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predictiemethode van Kloek en Krasse. Deze methode combineert drie factoren 
die een voorspellende waarde hebben, te weten: glazuurcaries op 11 of meer 
gladde vlakken, S. mutans telling > 10 per ml speeksel en Lactobacillen 
telling > 10 per ml speeksel. Een ander deel van dit onderzoek betreft het 
beschrijven van de prevalentie en incidentie van tandearles bij kinderen en 
het nagaan of er een verband bestaat tussen hun voedingspatroon en de 
incidentie-waarden. 
Om in staat te zijn cohort-effecten aan te tonen werd gekozen voor een 
"mixed-longitudinal" studieopzet. Deze opzet, die in hoofdstuk 2 beschreven 
staat, biedt de mogelijkheid om de zogenaamde Age-Period-Cohort-analyse toe 
te passen. Hierdoor is het mogelijk om, met behulp van additionele informa-
tie, cohort- en/of periode-effecten aan te tonen. Dit methodologische deel 
wordt gevolgd door een beschrijving van de resultaten van het vooronderzoek 
dat in 1983 in Morogoro uitgevoerd werd, om een aantal facetten van organisa-
torische en klinische aard te onderzoeken. Hierna volgt de beschrijving van 
het trekken van de steekproef, het onderzoeksgebied, de keuze van de onder-
zoekscriteria en een korte uiteenzetting over de betekenis en gebruik van 
associatiematen (relatieve- en prevalentie risico's). Tot slot worden de 
toegepaste statistische methoden beschreven. 
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Het onderzoek werd door drie onderzoekers In 1964 en 1986 uitgevoerd. De 
betrouwbaarheid van de onderzoeksresulaten werd nagegaan door de intra- en 
inter-onderzoeker overeenkomst te bepalen (kappa-coefficiënt) en door 
systematische verschillen tussen de onderzoekers op te sporen (ANOVA). De 
resultaten van dit betrouwbaarheidsonderzoek zijn in hoofdstuk 3 beschreven 
en tonen aan dat alle te onderzoeken variabelen verder geanalyseerd konden 
worden. 
Bij de aanvang van het onderzoek in 1984 was het niet bekend dat het 
drinkwater in enkele dorpen een niet te verwaarlozen fluoride concentratie 
voor de reductie van tandearles bevatte. Hierdoor werd het noodzakelijk om 
het water uit alle in de dorpen aanwezige bronnen te analyseren op de 
aanwezigheid van fluoride. De resultaten van de analyses zijn in hoofdstuk 4 
vermeld. Het bleek dat de gemiddelde fluoride concentratie van de drinkwater 
bronnen In drie dorpen boven de 0,5 ppra lag. Daarom werd besloten om voor het 
analyseren van de tandheelkundige gegevens de kinderen op het platteland te 
verdelen in twee groepen: zij die wonen in de drie dorpen en de overgebleven-
en. 
In hoofdstuk 5 worden de resultaten van het onderzoek, dat in 1984 en in 
1986 uitgevoerd werd, cross-sectioneel beschreven voor zowel tijdelijke als 
blijvende dentitie (doelstelling 1). In 1984 werden 722 7- tot 9-jarige 
kinderen onderzocht en in 1986 833 7- tot 11-jarigen. De prevalentie van 
tandearles in beide jaren was laag. In 1984 had 84 percent van de kinderen 
een carièsvrije blijvende dentitie en deze gebitstoestand werd bij 74 percent 
van de kinderen in 1986 gevonden. Er werden geen vullingen gezien en het 
percentage van de kinderen waarbij blijvende elementen geëxtraheerd waren was 
erg laag (1-2Z). Dentinecaries werd vooral gevonden in de occlusale vlakken 
van de molaren. Het sociaal-economisch milieu was de bepalende parameter in 
de ontwikkeling van tandearles bij deze kinderen. Zo werd de hoogste caries-
waarden gevonden bij stadskinderen uit het hoog sociaal-economische milieu. 
Deze bevindingen, voor zover onderzocht, worden ondersteund door de waarden 
van de prevalentie risico's. 
De resultaten van de Age-Period-Cohort-analyse zijn in hoofdstuk 6 vermeld 
(doelstelling 2). De analyses toonden een cohort effect van 0.055 caviteiten 
per geboortecohort aan. De A.P.C.-analyse kon echter geen duidelijkheid 
verschaffen omtrent de aanwezigheid van een cohort- en/of periode-effect voor 
glazuurcaries. Daarom werd besloten om glazuurcaries niet longitudinaal te 
analyseren. 
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In hoofdstuk 7 worden de resultaten van de analyses betreffende de 
cariesincidentie, het verband tussen het voedingspatroon van de kinderen en 
hun cariesincidentiewaarden en de predictie van de cariësactiviteit vermeld 
(doelstelling 3). De cariesincidentiewaarden (1984-1986) bij 7- tot 9-jarige 
kinderen lag tussen de 0,2 en 0,3 D,MT. Nieuwe dentinelaesies werden hoofd-
zakelijk in occlusale vlakken gevonden. Net zoals vermeld voor de prevalen-
tiewaarden was het sociaal-economisch milieu de bepalende parameter voor de 
incidentiewaarden bij deze kinderen. Het verband tussen cariesincidentie en 
het voedingspatroon van de kinderen kon niet worden aangetoond. De predictie-
methode van Kloek en Krasse kon niet toegepast worden, omdat het benodigde 
aantal gladde vlakken met glazuurcariès niet gehaald werd. Opmerkelijk was 
echter, dat een hoog percentage kinderen hoge S. mutans tellingen (> 10 per 
ml speeksel) hadden, zowel in 1984 als in 1986. 
De bevindingen, die in de vorige hoofdstukken vermeld zijn, worden in 
hoofdstuk 8 besproken. Geconcludeerd kan worden dat de cariësactiviteit bij 
deze kinderen laag is en dat het gevonden cohort effect van 0.055 caviteiten 
per geboorte jaar (waarbij opgemerkt dient te worden dat bij 9-jarigen in 
1986 gemiddeld 2 elementen meer onderzocht zijn dan bij 9-jarigen in 1984) te 
klein is om beleidsveranderende activiteiten met betrekking tot de opleiding 
van tandartsen en zorgverlening in te voeren. Toch moet men alert blijven. 
Het hoge percentage kinderen met hoge aantallen S. mutans en de hoge cariës-
activiteit bij stadskinderen uit een hoog sociaal-economisch milieu zijn 
signalen, die aangeven dat, bij een opwaartse economie die gepaard gaat met 
een grote toename van suikerhoudende voedingsproducten, de carièsactiviteit 
in Tanzania kan toenemen. 
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APPENDIX 
APPENDIX I 
The test results of the Analyses of Variance (ANOVA) described in Chapter 5, 
are presented in this Appendix. 
The significance levels for ANOVA procedures are denoted as follows: 
xx - ρ < 0.01 
χ - 0.01 < ρ < 0.05 
- - ρ > 0.05 
I.a Test results (ANOVA) for age, sex, SES, area effects and interactions 
on the dt condition in upper jaw, lower jaw and total deciduous 
dentition in 1984. 
Parameters 
Age Sex SES Area Interaction 
Upper jaw 
Lowe r j aw 
Total dentition 
χ 
XX 
I.b Test results (ANOVA) for age, area, SES effects and interactions on 
the conditions D T, D.T, BJIT and D.MI 
type and segment of dentition in 1984 
D„MT T for the distinguished tooth 
Condition 
Tooth type, 
Segment of 
dentition 
Age 
Parameter 
Area SES Interactions 
D2T First molars 
Upper jaw 
Lower jaw 
Total dentition 
Area by SES 
D2MT First molars 
Upper jaw 
Lower jaw 
Total dentition 
Area by SES 
D3T First molars 
Upper jaw 
Lower jaw 
Total dentition 
Age by SES 
Age by SES" 
D3HT First molars 
Upper jaw 
Lower jaw 
Total dentition 
X 
-
X 
X 
Age 
Age 
by 
by 
-
-
SES 
SES 
152 
Test results (ANOVA) of age, area, SES effects and interactions on 
the D2S, „ . 
surfaces or the^first molars in 1984. 
D-MS and DjMS conditions for the different tooth 
" l  
Parameter 
Condition 
D2S 
D2MS 
D3S 
D3MS 
Surface 
Occlusal 
Pits/fissures 
Smooth 
Total 
Occlusal 
Pits/fissures 
Smooth 
Total 
Occlusal 
Total 
Occlusal 
Total 
Ag. 
X 
-
X 
X 
X 
-
-
-
-
-
-
Area SES Interaction 
Age by SES 
_ 
X 
X 
XX 
X 
Age by Area' 
Age by SES^ 
Age by Area' 
Age by SESX 
Age by Area' 
I.d Test results (ANOVA) for age, sex, area effects and interactions on 
the dt condition in upper jaw, lower jaw and total deciduous 
dentition in 1986. 
Parameter 
Age Sex Area Interaction 
Upper jaw 
Lower jaw 
Total dentition 
XX 
XX 
XX 
X 
XX 
XX 
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I.e Test results (ANOVA) of age, sex, area effects and interactions on 
the D.T, D,T, D-MT and D,MT conditions for the distinguished tooth 
types and segment of dentition in 1986. 
Tooth type, 
Segment of 
Parameter 
Condition dentition Age Sex Area Interaction 
D Τ 
2 2nd Molars xx xx xx 
1st Molars -
Upper jaw - - xx 
Lower jaw xx 
Total dentition χ - xx 
D2MT 
DjT 
D MT 
2nd Molars xx xx χ 
1st Molars χ 
Upper jaw χ - χ 
Lower jaw xx χ χ 
Total dentition xx - xx 
2nd Molars xx xx -
1st Molars • - - Age by Area 
Upper jaw 
Lower jaw χ χ 
Total dentition χ - -
2nd Molars xx xx -
1st Molars - - - Age by Area 
Upper jaw 
Lower jaw xx χ 
Total dentition xx χ -
a - (ρ - 0.04) 
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I.f Test results (ANOVA) of age, area and sex effects and interactions on 
the D„S and D„MS conditions for the toothsurface types of the 
different tooth type and segment of dentition in 1986. 
Condition 
D2S 
Tooth type, 
Segment of 
dentition 
Molars 
Upper jaw 
Lower jaw 
Surface type 
Occlusal 
Pits and 
Smooth 
Total* 
Occlusal 
Smooth 
Total* 
Occlusal 
Smooth 
Total* 
fissures 
Age 
X 
XX 
-
XX 
_ 
-
-
X 
X 
XX 
Area 
XX 
-
-
XX 
XX 
X 
XX 
X 
-
X 
Parameter 
Sex 
XX 
-
-
-
XX 
-
-
X 
X 
-
Interaction 
. 
-
-
Area by Sex' 
_ 
-
-
_ 
-
-
Total dentition Occlusal 
Approximal 
Smooth 
Total 
xx 
X Area by Sex 
D2MS Molars Occlusal 
Pits and fissures 
Smooth 
Total* 
XX 
XX 
Upper jaw Occlusal 
Smooth 
Total* 
Lower jaw Occlusal 
Smooth 
Total* 
XX 
X 
XX 
Total dentition Occlusal 
Approximal 
Smooth 
Total 
Age by Area 
* - based on 6 surfaces in the molars. 
155 
I.ff Test results (ANOVA) of age, area and sex effects and interactions on 
the D.S and D-MS conditions for the tooth surfaces of the different 
oral parts in 1986. 
Condition Oral part Surface type 
Parameter 
Age Area Sex Interaction 
D3S 
DjMS 
Molars 
Upper jaw 
Lower jaw 
Total dentition 
Molars 
Upper jaw 
Lower jaw 
Total dentition 
Occlusal 
Total* 
Occlusal 
Total* 
Occlusal 
Total* 
Occlusal 
Approximal 
Smooth 
Total 
Occlusal 
Total* 
Occlusal 
Total* 
Occlusal 
Total* 
Occlusal 
Approximal 
Smooth 
Total 
XX 
χ 
XX 
XX 
XX 
XX 
Age by Area 
Age by Area 
χ 
Age by Area 
Age by Area 
χ 
Age by Area 
Age by Area 
χ 
χ 
χ 
Age by Area 
Age by Area 
χ Age by Area 
* - based on 6 surfaces in the molars 
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APPENDIX II 
The findings of the parameter effects in 1984, not described in Chapter 5, 
are presented in this Appendix. 
II.a Age curves for mean dt scores in upper (A) and lower jaw (B) by area 
in 7- to 9-year olds examined in 1984. 
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II -b Mean D„T and D^MT scores for first molars, upper jaw, lower jaw and total dentition by age and area-SES (high-
low) in 7-to 9 year olds in 1984 SD - standard deviation, SEM - standard error of the mean 
Age 7 8 9 
Oral parts Area-SES SD SEM SD SEM SD SEM 
D2T 
First molars 
Upper jaw 
high 
low 
high 
low 
Lower jaw high 
low 
Total dentition high 
low 
168 
16 
166 
16 
168 
16 
168 
16 
1 
0 
0 
0 
1 
0 
1 
0 
77 
81 
83 
25 
02 
69 
86 
94 
1 47 
0 98 
0 95 
0 68 
0 95 
0 79 
1 65 
1 00 
0 11 
0 20 
0 07 
0 17 
0 07 
0 20 
0 12 
0 25 
296 
13 
296 
13 
296 
13 
296 
13 
2 
0 
1 
0 
1 
0 
2 
1 
04 
77 
11 
61 
07 
38 
18 
00 
1 
1 
1 
1 
0 
0 
1 
1 
50 
09 
02 
19 
90 
65 
66 
73 
0 09 
0 21 
0 06 
0 33 
0 05 
0 18 
0 10 
0 84 
212 
17 
212 
17 
212 
17 
212 
17 
1 
1 
1 
0 
1 
0 
2 
1 
83 
29 
08 
82 
03 
82 
11 
65 
1 
1 
1 
1 
0 
0 
1 
1 
39 
16 
18 
01 
98 
95 
72 
50 
0 13 
0 31 
0 08 
0 24 
0 07 
0 23 
0 12 
0 36 
D2MT 
First molars 
Upper Jaw 
Lower jaw 
high 
low 
high 
low 
high 
low 
Total dentition high 
low 
168 
16 
168 
16 
168 
16 
168 
16 
1 
0 
0 
0 
1 
0 
2 
1 
98 
94 
91 
25 
15 
81 
07 
06 
1 
1 
0 
0 
0 
0 
1 
1 
52 
18 
97 
68 
95 
91 
70 
18 
0 
0 
0 
0 
0 
0 
0 
0 
12 
30 
07 
17 
07 
23 
13 
30 
296 
13 
296 
13 
296 
13 
296 
13 
2 
1 
1 
0 
1 
1 
2 
1 
32 
54 
20 
77 
28 
00 
48 
77 
1 
1 
1 
1 
0 
0 
1 
1 
53 
51 
07 
24 
91 
91 
76 
92 
0 09 
0 42 
0 06 
0 34 
0 05 
0 25 
0 10 
0 53 
212 
17 
212 
17 
212 
17 
212 
17 
2 
1 
1 
0 
1 
1 
2 
1 
11 
47 
15 
82 
24 
00 
39 
82 
48 
42 
20 
01 
01 
27 
87 
88 
0 10 
0 34 
0 06 
0 24 
0 07 
0 31 
0 13 
0 46 
low - Contains rural children with high SES and children living in naturally fluoridated rural areas with middle SES 
high - Contains all other combinations (except Rural F with high SES only one child present) 
ILç and total surfaces of first molars by age, area and 
D3S 
DjMS 
SES in 1984. 
Occlusal 
Total 
Occlusal 
Total 
SD . 
N 
42 
34 
42 
31 
42 
31 
23 
42 
34 
42 
31 
42 
31 
23 
- standar 
χ 
0.00 
0.03 
0.07 
0.10 
0.00 
0.13 
0.13 
0.00 
0.03 
0.07 
0.10 
0.00 
0.10 
0.13 
d deviation. 
L O W E 
SD 
0.00 
0.17 
0.34 
0.30 
0.00 
0.43 
0.63 
0.00 
0.17 
0.34 
0.30 
0.00 
0.43 
0.63 
S τ 
Age 
7 
8 
8 
8 
7 
β 
9 
7 
β 
8 
8 
7 
β 
9 
SES 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
low 
Area 
rural 
rural 
rural 
urban 
rural 
urban 
rural 
rural 
rural 
rural 
urban 
rural 
urban 
rural 
F' 
F 
F" 
F 
F" 
F 
F" 
F 
Ν 
20 
53 
20 
53 
20 
53 
20 
53 
61 
χ 
0.60 
0.36 
1.35 
0.53 
0.65 
0.36 
1.65 
0.53 
0.49 
H I G H E S T 
SD 
0.68 
0.88 
1.93 
1.45 
0.81 
0.88 
2.91 
1.45 
1.35 
Age 
9 
β 
9 
8 
9 
8 
9 
8 
9 
SES 
high 
high 
high 
high 
high 
high 
high 
high 
middle 
Area 
urban 
urban 
urban 
urban 
urban 
urban 
urban 
urban 
urban 
There were no differences found between the lowest mean D.S and D.MS scores for the occlusal and total surfaces. The 
lowest mean D.S and D.MS scores were found in children of 7-, 8- and 9-year olds, living in any of the three areas and 
belonging to the low SES group. The highest mean D.S and D.MS scores were found in 8- and 9-year olds, living in urban 
areas and having a high SES status. 
ΐΐ d Mean D.T and D MT scores in first molars and upper jaw according to 
the SES of 7- to 9-year olds examined in 1984 N = number of children, 
SD - standard deviation, SEM - standard error of the mean 
Age 
D3T 
First 
Upper 
DjMT 
First 
Upper 
Molars 
jaw 
Molars 
Jaw 
Low 
Middle 
High 
Low 
Middle 
High 
Low 
Middle 
High 
Low 
Middle 
High 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
16 
24 
17 
08 
09 
00 
16 
26 
17 
08 
09 
00 
; 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
5D 
61 
79 
38 
35 
40 
00 
61 
81 
38 
35 
40 
00 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
07 
09 
07 
04 
05 
00 
08 
09 
07 
04 
05 
00 
X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
38 
42 
01 
11 
14 
12 
39 
42 
02 
12 
14 
8 
SD 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
43 
89 
99 
10 
49 
51 
43 
93 
99 
14 
55 
51 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
04 
07 
13 
00 
04 
07 
04 
08 
13 
01 
05 
07 
χ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
18 
24 
50 
03 
04 
22 
18 
25 
56 
03 
04 
22 
SD 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
SEM 
55 
53 
76 
18 
20 
42 
55 
56 
88 
18 
20 
42 
0 06 
0 05 
0 13 
0 02 
0 02 
0 07 
0 06 
0 05 
0 16 
0 02 
и 02 
0 07 
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APPENDIX III 
The findings of the parameter effects In 1986, not described In Chapter 5, 
are presented in this Appendix. 
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III. Age curves for mean dt scores in upper jaw (A) and lower jaw (B) of 
the deciduous dentition by area in 7- to 11-year olds examined in 
1986. 
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Ill b 
Age 
Mean D-T scores for first and second molars, upper and lower jaw, and total dentition by area in 7- to 11-year 
olds examined in 1986 SD - standard deviation, SEM - standard error of the mean 
10 11 
D2T 
2nd Molars 
1st Molars 
Upper jaw 
Lower jaw 
Total dentition 
Urban 
Rural 
Rural 
Urban 
Rural 
Rural 
Urban 
Rural 
Rural 
Urban 
Rural 
Rural 
Urban 
Rural 
Rural 
F"* 
F" 
~ Ir 
F" І 
F" 
F-> 
χ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
00 
00 
77 
59 
79 
35 
71 
35 
54 
26 
50 
89 
97 
85 
SD 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
1 
00 
00 
00 
13 
95 
15 
73 
31 
69 
72 
51 
75 
18 
42 
16 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
00 
00 
15 
16 
20 
10 
23 
12 
10 
09 
13 
16 
24 
15 
X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
00 
00 
00 
91 
87 
69 
59 
93 
47 
48 
53 
38 
07 
47 
84 
SD 
0 00 
0 00 
0 00 
1 21 
1 17 
1 08 
0 90 
1 42 
0 87 
0 72 
0 72 
0 72 
1 43 
1,58 
1 45 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
00 
00 
12 
1,5 
16 
09 
18 
13 
07 
09 
11 
14 
24 
22 
X 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
2 
1 
10 
36 
05 
91 
72 
61 
52 
20 
76 
59 
80 
41 
12 
00 
17 
SD 
0 
0 
0 
1 
1 
1 
0 
1 
1 
0 
1 
0 
1 
3 
1 
38 
63 
22 
12 
02 
07 
87 
91 
37 
81 
44 
77 
33 
09 
90 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
05 
13 
03 
13 
20 
16 
10 
38 
21 
10 
29 
12 
16 
62 
30 
X 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
1 
31 
47 
17 
71 
93 
74 
66 
16 
66 
70 
79 
77 
40 
95 
43 
SD 
0 
0 
0 
2 
80 
92 
45 
04 
12 
12 
21 
36 
08 
02 
04 
29 
96 
88 
06 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
07 
12 
08 
09 
15 
19 
11 
18 
19 
09 
14 
22 
17 
25 
35 
X 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
46 
61 
26 
91 
72 
41 
00 
72 
44 
84 
89 
48 
84 
61 
93 
SD 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
2 
1 
1 
86 
02 
45 
14 
02 
69 
46 
25 
93 
16 
11 
70 
27 
91 
33 
SEM 
0 10 
0 14 
0 09 
0 14 
0 14 
0 14 
0 18 
0 17 
0 18 
0 14 
0 15 
0 13 
0 27 
0 26 
0 26 
* - significantly (Bonferroni, о - 0 05) 
Appendices III b+c shows that children living in rural areas had significantly higher mean D.T and D.MT scores in upper jaw 
and total dentition than children living in urban or naturally fluoridated rural areas (t-test, Bonferroni, a - 0 05) The 
mean D-T and D.MT scores in second molars of children living in rural areas were also sigificantly higher than those of 
children living In naturally fluoridated rural areas (t-test, Bonferroni, α - 0 05) Finally, children living in urban 
areas had significantly higher mean D.MT scores in first molars and lower jaw than those living in naturally fluoridated 
rural areas (t-test, Bonferroni, о - 0 05) 
ІИ
ь
с 
Mean D.MT scores for first and second molars, upper and lower jaw and total dentition by area in 7- to 11-year 
olds examined in 1986. SD - standard deviations; SEM - standard error of the mean 
Age 
D2MT X 
7 
SD SEM 
χ 
8 
SD SEM X 
9 
SD SEM X 
10 
SD SEM X 
11 
SD SEM 
2nd Molars Urban 0.00 0.00 0.00 0.00 0.00 0.00 
Rural -ι 0.00 0.00 0.00 0.00 0.00 0.00 
Rural F"-" 0.00 0.00 0.00 0.00 0.00 0.00 
0.20 0.74 0.09 
0.52 0.96 0.19 
0.08 0.49 0.08 
0.38 0.88 0.08 0.63 1.08 0.13 
0.64 1.15 0.16 0.78 1.18 0.16 
0.31 0.80 0.14 0.44 0.75 0.15 
1st Molars Urban 
Rural 
Rural F -> 
0.91 1.15 0.16 
1.00 1.46 0.25 
1.09 1.29 0.22 
1.32 1.49 0.15 1.42 1.47 0.18 
1.13 1.38 0.18 1.48 1.66 0.33 
1.02 1.22 0.18 0.71 1.15 0.17 
1.23 1.42 0.13 1.49 1.49 0.18 
1.36 1.44 0.20 0.96 1.32 0.18 
1.17 1.42 0.24 0.63 1.01 0.20 
Upper jaw Urban 
Rural 
Rural F 
0.37 Î u.j/ и. 0.82 1. 0.53 0. 
0.73 0.10 0.67 0.98 0.10 0.74 1.02 0.12 
.49 0.25 0.97 1.50 0.19 1.64 2.90 0.58 
86 0.15 0.58 0.94 0.14 0.80 1.42 0.21 
0.85 1.50 0.13 1.20 1.62 0.20 
1.28 1.41 0.19 0.85 1.32 0.18 
0.77 1.11 0.19 0.48 0.98 0.20 
Lower jaw 
Total dentition 
Urban 
Rural 
Rural F" 
Urban 
Rural 
Rural 
* 0. 
•ì;: 
' 1. 
0.65 0.76 0.10 0.84 0.96 0.10 1.01 1.05 0.13 1.15 1.35 
56 0.82 0.14 0.80 1.04 0.13 1.44 2.14 0.43 1.28 1.35 
62 0.82 0.14 0.60 0.81 0.12 0.51 0.93 0.14 1.26 1.60 
1.19 0.16 1.51 1.74 0.71 1.75 1.79 0.22 2.00 2.60 
2.05 0.35 1.77 2.29 0.30 3.08 4.79 0.96 2.55 2.19 
1.33 0.23 1.18 1.56 0.23 1.32 2.05 0.32 2.03 2.36 
02 
38 
15 
0.12 1.41 1.44 0.17 
0.18 1.22 1.24 0.16 
0.27 0.85 1.17 0.23 
0.23 2.61 2.83 0.34 
0.29 2.07 2.27 0.31 
0.40 1.33 1.71 0.33 
* - significantly (Bonferronl, a - 0.05) 
Ill .d Mean D_S scores in molars, upper jaw and lower jaw per tooth surface type according to age, area and sex in 7-
to 11-year olds examined in 1986. N - Number of children examined. 
Molars Upper jaw Lower jaw 
Surface type 
Grand mean 
Subgroup 
Age 7 
8 
9 
10 
11 
Occlusal Pits/fiss. Smooth TotalX Occlusal Smooth Total" Occlusal Smooth Total" 
Area 
Sex 
Urban 
Rural 
Rural F" 
Males 
Females 
N 
122 
204 
135 
221 
151 
420 
231 
182 
318 
515 
0.73 
-0.24 
-0.10 
0.01 
0.08 
0.20 
0.02 
0.15-
-0.23-
-0.14 
0.09 
0.21 
-0.09 
-0.08 
0.00 
0.01 
0.16 
0.03 
-0.03 
-0.03 
-0.01 
0.01 
0.43 1.48 
0.08 
0.03 
0.07 
0.00 
0.16 
0.02 
0.09-L 
0.17-^ 
0.02 
0 .01 
-0.42 
-0.22 
-0.04 
0.10 
0.53 
0.10 
0.21-1 
-o.so-
1
^ 
-0.19 
0.12 
0.31 0.42 0.93 
0.14 
0.03 
0.08 
0.02 
0.05 
0.00 
0 .10-, 
0 . 1 1 - ^ 
0.08 
0.05 0 
-0.08 
-0.02 
0.00 
0 .01 
0.06 
-0 .06η 
0 . 1 8 -
-O.IO-1 
-0.04 
0.03 
-0.33 
-0.07 
0.04 
0.15 
0 .11 
L -0.09 
„ 0.35 
" -0.24 
-0.14 
0.08 
0.45 
-0.12 
-0.09 
-0.02 
0.07 
0.15 
0.02 
0.08-
-0.13-
-0.08 
0.05 
0.25 0.97 
0.11 
0.05 
0.05 
0.06 
0 .11 
0.01 
0.05 
0.04 
0.00 
0.00 
-0.33 
-0.19 
-0.06 
0.12 
0.40 
0.06 
0 .11 
-0.28 
-0.10 
0.06 
χ - based on 6 surfaces in the molars 
* - significant (t-test, Bonferroni, α - 0.05) 
о - significant (t-test, ρ < 0.05) 
Generally, children living in rural areas had higher mean D.S and D MS scores for almost all tooth surfaces types analysed 
than those living in urban and naturally fluoridated rural areas. For those tooth surfaces types denoted with "*", the 
difference were significantly (t-test, Bonferroni, о - 0.05), indicating lower mean D^S and D.MFS scores present in 
children living in naturally fluoridated rural areas than in children living in rural areas. Appendices III d, e, f also 
show that females had signficantly higher mean D S and D MS scores for the tooth surfaces types, denoted with a "o", than 
boys (t-test, ρ < 0.05). 
Ill.e Mean D MS scores in molars, upper jaw and lower jaw per tooth surface type according to age, 
year olds examined in 1986. N - Number of children examined. 
area and sex in 7-to 11 
Molars Upper jaw Lower jaw 
Surface type 
Grand mean 
Occlusal Pits/fiss. Smooth Total Occlusal Smooth Total 
1.14 0.33 0.54 2.21 0.42 0.46 
Occlusal Smooth Total 
1.13 0.75 0.33 1.53 
Subgroup 
Age 
Area 
Sex 
7 
β 
9 
10 
11 
Urban 
Rural 
Rural F* 
Males 
Females 
122 
204 
135 
221 
151 
420 
231 
182 
318 
515 
-0.43 
-0.20 
0.09 
0.21 
0.24 
0.04 
0.18 
-0.ЭЗ 
-0.20 
0.13 
> 
О 
-0.12 
-0.14 
-0.01 
0.03 
0.25 
0.05 
-0.06 
-0.03 
-0.05 
0.03 
-0.13 
-0.10 
-0.01 
0.03 
0.21 
0.04 
0.08 
-0.18 
-0.04 
0.02 
-0.76 
-0.51 
0.10 
0.30 
0.77 
0.18 
0.16-,„ 
-0.63 -г 
-0.31 
0.19 
-0.16 
-0.07 
0.14 
0.04 
0.05 
0.01 
0.09-,. 
-0.13 -г 
-0.08 
0.05 0 
-0.09 
-0.05 
0.02 
0.04 
0.06 
-0.06 
0.17 
-0.09 
-0.04 
0.03 
-0.38 
-0.20 
0.13 
0.23 
0.12 
-0.07 
0.32-ц. 
-0.25^ 
-0.14 
0.09 
-0.30 
-0.15 
0.00 
0.17 
0.20 
0.03 
0.11 
-0.21 
-0.14 
0.08 
> 
О 
-0.15 
-0.09 
0.00 
0.06 
0.16 
0.00 
0.05 
-0.07 
-0.02 
0.01 
-0.64 
-0.37 
0.01 
0.24 
0.65 
0.12 
0.11 
-0.43 
-0.22 
0.14 
χ - based on 6 surfaces in the molars 
* - significant (t-test, Bonferroni, a 
о - significant (t-test, ρ < 0.05) 
0.05) 
in.f Mean D.S and D^MS scores for the total dentition per tooth surface type according to age, 
7- to 11-year olds examined in 1986. N - Number of children examined. 
area and sex in 
D2S D2MS 
Total dentition Total dentition 
Surface type 
Grand mean 
Subgroup 
Age 
Area 
Sex 
7 
β 
9 
10 
11 
Urban 
Rural 
Rural F" 
Males 
Females 
N 
122 
Ï0U 
135 
221 
151 
420 
231 
182 
318 
515 
Occlusal Approximal Smooth Total Occlusal Approximal Smooth Totalx 
0.76 
-0.26 
-0.12 
0.06 
0.08 
0.20 
0.01 
0.17-
-0.24-
-0.16 
0.10 
0.25 0.67 1.63 1.17 
-0.13 
0.00 
-0.03 
0.10 
0.02 
0.00 
0.09 т. 
-o.ii-^ 
-0.02 
0.01 
-0.19 
-0.07 
-0.05 
0.07 
0.18 
-0.07 
0.23 
-0.14 
-0.04 
0.03 
-0.62 
-0.24 
0.03 
0.28 
0.39 
-0.06 
0.40-1. 
-0.36-P 
-0.21 
0.13 
-0.46 
-0.22 
0.13 
0.21 
0.25 
0.04 
0.20 
-0.34 
-0.22 
0.13 
0.38 
-0.14-
-0.04 
0.02 
0.79 
-0.15 
-0.06 
0.04 
2.29 
0.20 
0.06 
0.00 
0.13 
0.05 
0.02 
0.07-1 
-0.24 
-0.14 
0.02 
0.10 
0.23 
-0.06 
0.22 
-0.94 
-0.47 
0.13 
0.47 
0.59 
0.01 
0.38 
-0.51-
-0.33 
0.20 
based on 5 surfaces in the molars 
significant (t-test, Bonferroni, α 
significant (t-test, ρ < 0.05) 
0.05) 
m,к 
area 
Age 
D3S 
MolarsX 
Urban 
Rural 
Rural F" 
Upper jaw 
Urban 
Rural 
Rural F" 
Approximal, all 
Urban 
Rural 
Rural F" 
Smooth, all 
Urban 
Rural 
Rural F" 
in 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1986 
X 
13 
U7 
41 
02 
12 
26 
00 
11 
06 
00 
12 
09 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3D -
7 
SD 
48 
13 
02 
14 
33 
75 
00 
48 
24 
00 
48 
38 
standard < 
SEM 
0 07 
0 19 
0 17 
0 02 
0 06 
0 13 
0 00 
0 08 
0,04 
0 00 
0 08 
0 07 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ieviation, 
X 
44 
30 
40 
09 
03 
11 
04 
08 
07 
01 
00 
09 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3
3D 
91 
67 
94 
38 
18 
32 
24 
33 
25 
10 
00 
42 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- s 
ЗЕМ 
09 
09 
14 
04 
02 
05 
02 
04 
04 
01 
00 
06 
tandard 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
χ 
62 
84 
15 
23 
40 
05 
04 
28 
00 
06 
28 
00 
error 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
3D 
15 
34 
53 
62 
96 
22 
27 
68 
00 
34 
61 
00 
of 1 :he 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
27 
08 
07 
19 
03 
03 
14 
00 
04 
12 
00 
mean 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
55 
66 
63 
17 
17 
14 
05 
05 
09 
02 
07 
06 
i 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
LO 
3D 
98 
21 
17 
52 
57 
55 
29 
29 
37 
12 
32 
34 
SEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
09 
16 
20 
05 
07 
09 
03 
04 
06 
01 
04 
06 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
χ 
74 
43 
37 
24 
13 
04 
11 
04 
00 
07 
02 
00 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
LI 
3D 
15 
84 
88 
65 
48 
19 
40 
19 
00 
31 
14 
00 
SEM 
0 14 
0 11 
0 17 
0 08 
0 07 
0 04 
0 05 
0 03 
0 00 
0 04 
0 02 
0 00 
based on 6 surfaces in the molares 
In urban areas both mean D,S and D.MS scores tended to be higher in the older than the younger ages Such a situation was 
not observed in children living in rural areas Here 8-year olds showed higher mean D.S and D,MS scores than children of 
other ages On the other hand 8-year olds living in naturally fluoridated rural areas had the lowest mean D.S and D.MS 
scores compared to children of other ages 
Ill.h Mean D,MS scores for all surfaces in molars and upper jaw, and for all approximal and smooth surfaces by age 
and area in 1986. SD - standard deviation; SEM - standard error of the mean. 
Age 
D MS 
Molars 
Urban 
Rural 
Rural F 
Upper jaw 
Urban 
Rural 
Rural F 
Approximal, all 
Urban 
Rural 
Rural F 
Smooth, all 
Urban 
Rural 
Rural F 
X 
0.13 
0.47 
0.41 
0.02 
0.12 
0.26 
0.00 
0.12 
0.06 
0.00 
0.12 
0.09 
7 
SD SEM 
8 
SD SEM SD SEM 
10 
SD SEM 
11 
SD SEM 
0.48 0.07 0.45 
1.13 0.19 0.30 
1.02 0.17 0.40 
0.14 0.02 0.09 
0.33 0.06 0.03 
0.75 0.13 0.11 
0.00 0.00 0.04 
0.48 0.08 0.08 
0.24 0.04 0.07 
0.00 0.00 0.03 
0.48 0.08 0.00 
0.38 0.07 0.09 
0.94 
0.67 
0.94 
0.38 
0.18 
0.32 
0.24 
0.33 
0.25 
0.22 
0.00 
0.42 
0.09 
0.09 
0.14 
0.04 
0.02 
0.05 
0.02 
0.04 
0.04 
0.02 
0.00 
0.06 
0.62 
1.00 
0.15 
0.23 
0.40 
0.05 
0.04 
0.36 
0.00 
0.06 
0.36 
0.00 
1.15 
1.47 
0.53 
0.62 
0.96 
0.22 
0.27 
0.76 
0.00 
0.34 
0.70 
0.00 
0.14 
0.29 
0.08 
0.07 
0.19 
0.03 
0.03 
0.15 
0.00 
0.04 
0.14 
0.00 
0.62 
0.66 
0.80 
0.20 
0.17 
0.23 
0.12 
0.05 
0.17 
0.09 
0.07 
0.17 
1.12 
1.21 
1.39 
0.61 
0.57 
0.73 
0.45 
0.29 
0.57 
0.40 
0.32 
0.57 
0.10 
0.16 
0.23 
0.05 
0.07 
0.12 
0.04 
0.04 
0.10 
0.04 
0.04 
0.10 
0.90 
0.43 
0.52 
0.24 
0.13 
0.04 
0.24 
0.04 
0.07 
0.20 
0.02 
0.07 
1.35 
0.84 
1.12 
0.65 
0.48 
0.19 
0.62 
0.19 
0.38 
0.58 
0.14 
0.38 
0.16 
0.11 
0.22 
0.08 
0.07 
0.04 
0.07 
0.03 
0.07 
0.07 
0.02 
0.07 
χ - based on 6 surfaces in the molars 
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STELLINGEN 
behorende bij het proefschrift 
DENTAL CARIES IN A TANZANIAN CHILD POPULATION: 
A MIXED-LONGITUDINAL APPROACH 
1. De toename in de carlësactlvlteit bij kinderen In Morogoro Is zo 
gering dat voortzetting van het huidige beleid ten aanzien van de 
tandheelkundige gezondheidszorg in Tanzania gerechtvaardigd lijkt. 
2. Wanneer uit onderzoek is gebleken dat er sprake is van een lage 
carlësactlvlteit in een populatie, dan is het niet zinvol om aan-
sluitend onderzoek met betrekking tot het voorspellen van de ca-
rlësactlvlteit in die populatie te doen. (Dit proefschrift.) 
3. In oraal epidemiologisch onderzoek wordt te weinig aandacht besteed 
aan het bepalen van de betrouwbaarheid van bacterletellingen. 
4. Om de ontwikkelingen van initiële carieuze lesies in het glazuur 
betrouwbaar vast te leggen Is, met betrekking tot de differentiaal-
diagnostiek, een meetinstrument nauwkeuriger dan het oog nodig. 
5. Bij het uitvoeren van een project in een ontwikkelingsland moet men 
voor ogen houden dat de kortste weg om het doel te bereiken vaak de 
omweg is. 
6. Voor projecten met als doel het blijvend verbeteren van levensom-
standigheden voor de bevolking in ontwikkelingslanden, is het nodig 
dat traditionele gewoonten veranderen. Daarom moeten deze projecten 
lang, dat wil zeggen ongeveer 20 jaar, duren. 
7. Plattelandsontwikkeling gericht op inkomensgenererende activiteiten 
zonder daarbij voldoende aandacht te schenken aan sociale en medi-
sche omstandigheden, zal haar doel uiteindelijk voorbij schieten. 
8. Wanneer de redenering, die wordt gehanteerd om de verhoging van de 
maximumsnelheid op de Nederlandse snelwegen te onderbouwen name-
lijk: "de meeste automobilisten rijden toch al harder dan 100 km 
per uur", wordt toegepast op de belastingwetgeving, dan is daarmee 
de weg vrij voor het legaliseren van het ontduiken van belastingen. 
Nijmegen, 24 juni 1988 J. Frencken 
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